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A view of the advances in knee surgery with the sheer 
amount of new information, procedures, techniques, 
and treatment algorithms is somewhat staggering. Con- 
sider the past ten years: the number and development 
of newer arthroscopic procedures, knee ligament re- 
constructions, meniscus repairs and transplants, revision 
knee surgery, ligament allografts, total knee arthroplas- 
ties, and treatment of articular cartilage abnormalities. 
All of these advances have resulted in corresponding 
needs for education, training, and knowledge. The knee 
joint is one of the most frequently operated joints in the 
human body, and functional abnormalities to the knee 
joint are one of the most frequent causes for referral to 
an orthopaedic specialist. Given the frequency of knee 
joint problems and newer sophisticated procedures, it is 
not surprising that complications may arise requiring the 
skill and judgment of the orthopaedic specialist. 

The expansion in knee treatment options and ap- 
proaches introduces challenging problems to the prac- 
ticing orthopaedic surgeon and orthopaedic resident in 
training. What are the objective and functional results, 
as well as the patient-perceived outcomes of newer knee 
operative procedures? Most importantly, and the subject 
of this textbook, what are the associated complications 
and their treatment? Is the incidence of an associated 
complication acceptable with regard to the benefits to 
be derived? Are there scientifically based treatment al- 
gorithms that allow a complication to be treated with 
minimum chance of interfering with the anticipated re- 



sults? The answers to these questions provide a basis for 
patient selection and indications for newer treatment 
modalities. Most importantly, this knowledge provides 
the basis upon which an orthopedist counsels a patient 
regarding the risks and benefits of operative treatment, 
to provide informed patient consent. 

This textbook provides needed and important knowl- 
edge to address these issues. The 35 chapters are di- 
vided into major knee disease or treatment categories, 
discussing the prevention, recognition, and treatment of 
knee complications. Complications are discussed related 
to a variety of arthroscopic procedures: meniscus 
surgery, reconstruction of knee ligaments, patello- 
femoral surgery, articular cartilage transfer and regen- 
eration procedures, knee fractures, and prosthetic knee 
arthroplasty. An additional section describes the treat- 
ment of unusual complications by surgeons around the 
world — interesting and provocative material. 

A textbook of complications and surgical treatment 
deals, for the most part, with two major groups. One 
group of complications represents events that are often 
unpredictable and difficult to prevent. For example, a 
complication of a postoperative infection may be ex- 
tremely serious and alter the intended result, and it may 
develop despite all of the expertise of the surgeon and 
the surgical team. The surgeon is responsible for the 
immediate recognition of the complication and the as- 
sembly of other specialists to assess the gravity of the 
complication, combining clinical experiences and data. 
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to implement a logical, scientifically based treatment 
protocol. Hopefully the treatment plan will lead to a sat- 
isfactory patient result. This textbook represents an ex- 
cellent opportunity to obtain the knowledge and com- 
bined clinical expertise of many highly skilled and 
experienced surgeons. 

A second group of complications after knee surgery 
is based on the experience and expertise of the surgeon. 
Perhaps the major importance of a textbook devoted to 
complications of the knee joint is to provide the insight 
and knowledge of newer treatment advances and surgi- 
cal procedures, to present the collective wisdom of ex- 
perienced surgeons. Every surgeon should question the 
necessary clinical and surgical experience required for 
total management of a patient treatment protocol, in- 
cluding all of the potential complications that may re- 
sult. Is the patient best treated by another colleague who 
has more experience in a newer treatment arena? Not 
all orthopedists should necessarily feel competent to un- 
dertake the many varied and sometimes complex treat- 
ment programs and surgical procedures covered in this 
textbook. 

Complications diminish with clinical experience, and 
the clinical experience in treating complications provides 
the expertise and skill of the highly seasoned and knowl- 
edgeable surgeon. It is unfortunate that this truism can- 
not be avoided. Certainly the knowledge contained in 
this textbook — imparted by experts who have been 



through this circle of clinical experience and desire to 
share their knowledge — is beneficial to all of us in achiev- 
ing superior treatment results for our patients with the 
lowest possible complication rate. 

Decreases in knee complications have been experi- 
enced at many centers publishing knee surgery results, 
due to the team approach of surgeons, physical thera- 
pists, athletic trainers, and allied personnel. The physi- 
cal therapy component of the equation needed to re- 
store muscle strength, endurance, coordination, and 
functionality is as important to the end result as the suc- 
cessful completion of the actual surgical procedures. I 
have treated many patients whose treatment results 
were less than adequate, and complications occurred in 
which the skilled surgeon functioned without the sup- 
port of the physical therapy and rehabilitation team. 

Hopefully, as knee surgery advances, future textbooks 
on complications of knee surgery will have fewer top- 
ics to cover. However, it is probable that the sophisti- 
cation of newer surgical procedures will result in new 
and different types of complications than those treated 
today. 

Dr. Malek was the first sports medicine and arthro- 
scopic fellow to enter and graduate from our fellowship 
program, and it is a privilege to write the foreword for 
Knee Surgery;. I am especially pleased that Dr. Malek 
provided the leadership, energy, and expertise to bring 
together so many experienced clinicians. 
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Any surgical procedure is associated with a certain de- 
gree of risk and complication. Unfortunately, in this 
medicolegal environment, any unexpected complication 
can be labeled the surgeon’s negligence or deviation 
from the standard of care. 

Over the last 20 years we have witnessed an explo- 
sion in arthroscopic and related techniques as well as 
many other nonarthroscopic procedures for the knee. 

Arthroscopic surgery developed very rapidly and with 
it brought numerous new surgical procedures that re- 
quired an above-average degree of skill and manual dex- 
terity as well as the need to deal with many new and, 
at times, complicated instrumentation systems. These 
new techniques also entailed a higher learning curve. It 
was easier for the younger generation of orthopedic sur- 
geons to learn those techniques during training as a res- 
ident or fellow, and harder for those who had no op- 
portunity to learn those techniques while they were 
training. 

I have always been interested in investigating the 
cause of complications, particularly those that I have had 
in my own practice, as well as collecting examples of 
complications from colleagues who shared them with 
me. I have learned a great deal from these complica- 
tions. I have come to realize that complications occur 
despite the best of care and do not necessarily indicate 
deviation from standard of care or the surgeon’s poor 
judgment. 

We also have to be realistic and recognize that a poor 
surgical result does not always indicate the presence of 
a complication. Many other factors are involved. Indi- 
viduals are different and with this comes different bio- 
logic responses to injury and to nonoperative and op- 
erative treatment. There are those who are fast healers 
and those who are slow healers. To prevent any post- 



operative complications not directly related to the sur- 
gical procedure performed, our postoperative care 
should be supervised by knowledgeable and skilled 
clinicians. 

With the help of my contributors and the dedicated 
effort of section editors, we have compiled this volume 
to help our readers identify the potential complications 
of the most frequently performed knee surgeries and the 
steps to avoid them, as well as procedures to deal with 
them once they have occurred. 

I hope our readers find this volume beneficial in their 
day-to-day practice and learn from the complications re- 
ported here by surgeons from around the world and the 
ways and means to reduce their own rate of complica- 
tions by meticulous attention to detail and, above all, 
patient selection. 

ACKNOWLEDGMENTS 

A volume like this is the reflection of hard work of many 
people. I am grateful to the chapter authors for their ef- 
forts and expertise. I am indebted to my section editors. 
Doctors Gregory Fanelli, Darren Johnson, and Don 
Johnson, for their dedication, energy, and willingness 
to participate in this project. Many thanks to the edito- 
rial staff at Springer-Verlag for bringing this volume to 
a timely completion. Finally, I would like to thank my 
office staff; special thanks to Karen Knable for her tech- 
nical assistance and extra time that she spent on this 
project. 

M. Mike Malek, M.D., F.A.C.S. 

Potomac, Maryland 

2000 



ix 




Contents 



Foreword vii 

Preface ix 

Contributors xv 

Section I OVERVIEW OF COMPLICATIONS AND PITFALLS IN ARTHROSCOPY 

AND ARTHROSCOPIC PROCEDURES OF THE KNEE 1 

1. Avoiding Complications: Guidelines for Safe Arthroscopic Knee Surgery 3 

Terry L. Whipple and Dennis J. Phillips 

2. Postarthroscopy Septic Arthritis 10 

Gregory C. Fanelli and Timothy J. Monahan 

3. Soft Tissue Complications: Ecchymosis, Hemarthrosis, Chronic Effusion, and 

Wound Dehiscence 14 

Wayne B. Leadbetter 

4. Reflex Sympathetic Dystrophy Following Knee Surgery 23 

David C. Pollock, Gary G. Poehung, L. Andrew Koman, and Thomas L. Smith 

Section II COMPLICATIONS AND PITFALLS IN MENISCAL SURGERY 39 

5. Complications of Arthroscopic Meniscectomy 41 

John B. Ryan and Thomas M. DeBerardino 

6. Complications and Pitfalls in Arthroscopic Meniscus Repair 53 

James S. Mulhollan 

7. Complications and Pitfalls in Meniscal Transplantation 60 

Jeff C. Brand, Jr. and Darren L. Johnson 

Section III COMPUCATIONS AND PITFALLS IN RECONSTRUCTION OF CRUCIATE 

LIGAMENTS 75 

8. Complications and Pitfalls in Anterior Cruciate Ligament Reconstruction with Hamstring Tendons . . 77 

Roger V. Larson 

xi 




xii Contents 

9. Complications and Pitfalls in Anterior Cruciate Ligament Reconstruction Using Bone-Patellar 

Tendon-Bone Autograft 89 

Laurence D. Higgins, Mark Clatworthy, and Christopher D. Harner 

10. Complications and Pitfalls in Anterior Cruciate Ligament Reconstruction with Allograft 101 

Michael T. Havig and Lonnie E. Paulos 

11. Complications and Pitfalls in Anterior Cruciate Ligament Reconstmction with Synthetic Grafts ... 113 

Mark H. Getelman and Marc J. Friedman 

12. Complications and Pitfalls in Posterior Cruciate Ligament Reconstruction 121 

Gregory C. Fanelu and Timothy J. Monahan 

13. Complications and Pitfalls in Extraarticular Knee Surgery 129 

Glenn C. Terry and Grant L. Jones 

14. Complications and Pitfalls in Anterior Cruciate Ligament Revision Reconstruction 138 

Deryk G. Jones, Mark Galland, and Freddie H. Fu 

Section IV COMPLICATIONS AND PITFALLS OF PATELLOFEMORAL SURGERY 159 

15. Complications and Pitfalls in Lateral Retinacular Release 161 

Kevin L. Kunkle and M. Mike Malek 

16. Complications and Pitfalls in Proximal Realignment Procedures 171 

Alexander Kalenak and Gregory A. Hanks 

17. Complications and Pitfalls in Tibial Tubercle Osteotomy Associated with Distal Extensor 

Mechanism Realignment 176 

Fred Flandry and Raymond Hui 

18. Complications and Pitfalls in Injuries of the Quadriceps and Patellar Tendon 195 

M. Mike Malek 

Section V COMPLICATIONS AND PITFALLS IN FRACTURES AROUND THE KNEE . . . 207 

19. Fractures of the Distal Femur 209 

Robert E. Leggon, Daniel D. Feldmann, and Ronald W. Lindsey 

20. Fractures of the Patella 244 

Robert E. Leggon, John S. Henry, and Ronald W. Lindsey 

21. Fractures Around the Knee in Children 263 

Hormozan Aprin 

22. High Tibial Osteotomy 288 

Martin W. Korn 

Section VI COMPUCATIONS, PITFALLS, AND SALVAGE IN PROSTHETIC 

KNEE ARTHROPLASTY 301 

23. Overview of Complications of Total Knee Arthroplasty 303 

Felicia M. Ollmerre and M. Mike Malek 

24. Heterotopic Ossification Following Total Knee Arthroplasty 352 

Vincent D. Pellegrini, Jr. 

25. Recurrent Hemarthrosis After Total Knee Arthroplasty 361 

Kirk A. Kindsfater 

26. Unicondylar Arthroplasty 364 

G6rard P. Deschamps and Philippe Cartier 

27. Patellofemoral Complications Following Total Knee Arthroplasty 380 

Philup j. Lewandowski and Gerard A. Engh 




Contents xiii 



28. Extensor Mechanism Complications Following Total Knee Arthroplasty 393 

Michael R. Woolfrey and Robert B. Bourne 

29. Fractures Around Total Knee Prostheses 404 

David A. Padden and Michael A. Mont 

30. Patellar Fractures in Total Knee Arthroplasty 413 

Charles L. Nelson and Russell E. Windsor 

31. Soft Tissue Complications After Total Knee Arthroplasty 420 

Fred D. Cushner, Susan Craig Scott, and W. Norman Scott 

Section VII MISCELLANEOUS COMPUCATIONS IN KNEE SURGERY 429 

32. Osteochondral Lesions of the Knee 431 

JOrgen Toft 

33. Cartilage Cell Transplantation 440 

Lars Peterson 

34. Arthrofibrosis Following Knee Surgery (Arthroscopic/Open) 450 

John C. Richmond 

Section VIII UNUSUAL COMPUCATIONS IN KNEE SURGERY FROM 

AROUND THE WORLD: CASE REPORTS 461 

35.1. Patellar Fracture After Anterior Cruciate Ligament Reconstruction with Bone-Patellar 

Tendon-Bone Graft 463 

Antonio Miguel 

35.2. Unusual Complications of Persistent Knee Joint Infection Following Arthroscopic 

Anterior Cruciate Ligament Reconstruction 466 

M. Noda, M. Kurosaka, S. Yoshiya, and K. Mizuno 

35.3. Malunion of Tibial Spine Avulsion of the Anterior Cruciate Ligament Causing 

a Block to Extension 470 

PONKY FIRER 

35.4. Arthroscopic Anterior Cruciate Ligament Reconstruction Using a Bone-Tendon-Bone 

Patellar Ligament Graft: Complications of Femoral Press-Fit Anchoring 473 

Harald Boszotta 

35.5. Complications in Anterior Cruciate Ligament Reconstructive Surgery 477 

Giancarlo Puddu and Vittorio Franco 

35.6. Tendinitis/Granuloma Postcentral Patellar Tendon Arthroscopy Approach 484 

C.N. Van Duk and R.K. Marti 

35.7. Nonunited Avulsion Fracture of the Tibial Tubercle 486 

C.N. Van Duk and R.K. Marti 

35.8. Knee Migration of Tibial Ender Nails: The Arthroscopic Solution 488 

Ramon Cugat and Montserrat Garcia 

35.9. Nonunion of a New High Tibial Osteotomy with Screw and Wire Fixation 490 

Masaaki Ito and Hiroshi Narita 

35.10. Osteolysis Associated with Polyethylene and Metallic Wear After Total Knee Arthroplasty . . . 494 

Dae Kyung Bae and Chang Moo Yim 

Index 499 




Contributors 



Hormozan Aprin, M.D., F.A.C.S., F.A.A.P. 
Associate Clinical Professor of Orthopaedics 
State University of New York at Stony Brook 
Great Neck, NY 11021, USA 

Dae Kyung Bae, M.D. 

Department of Orthopaedic Surgery 
Kyung Hee University School of Medicine 
Seoul, South Korea 

Harald Boszotta, M.D. 

Department of Trauma Surgery 

Krankenhaus der Barmherzigen Briider Eisenstadt 

Esterhazystr .26 

Austria 

Robert B. Bourne, M.D., F.R.C.S.C. 

London Health Sciences Centre 
London, Ontario, Canada N6A 5A5 

Jefferson C. Brand, Jr., M.D. 

Sports Medicine Fellow 

University of Kentucky School of Medicine 

Department of Orthopaedic Surgery 

Kentucky Clinic K439 

Lexington, KY 40536, USA 

Phiuppe Cartier, M.D. 

Clinique des Lilas 
Les Lilas, France 

Mark Clatworthy, M.D. 

Fellow, Sports Medicine & Shoulder Surgery 
Department of Orthopaedics 
University of Pittsburgh 
Pittsburgh, PA 15232, USA 



Susan Craig Scott, M.D. 

New York, NY 10128, USA 

Ramon Cugat, M.D. 

Barcelona, Spain 

Fred D. Cushner, M.D. 

Director, ISK Institute 
Beth Israel Hospital 
New York, NY 10128, USA 

Thomas M. DeBerardino, M.D. 

Staff Orthopaedic Surgeon 
Research Director, US Army Joint & Soft Tissue 
Trauma Fellowship 
Brooke Army Medical Center 
Orthopaedic Surgery Service, Sports Medicine 
Section 

Ft. Sam Houston, TX 78234, USA 

Gerard P. Deschamps, M.D. 

Centre Orthopedique Medico-Chirurgical 
Dracy-le-Fort, France 

Gerard A. Engh, M.D. 

President, Anderson Orthopaedic Research Institute 

Associate Clinical Professor 

Department of Orthopaedics 

University of Maryland School of Medicine 

Alexandria, VA 22306, USA 

Gregory C. Fanelu, M.D. 

Chief, Sports Injury & Arthroscopic Surgery 
Services 

Geisinger Clinic Medical Center 
Department of Orthopaedic Surgery 
Danville, PA 17822, USA 



XV 




xvi Contributors 



Daniel D. Feldmann, M.D. 

Department of Orthopaedic Surgery 
Geisinger Clinic 
Penn State Health System 
Danville, PA 17822, USA 

PONKY FIRER, M.D. 

Highlands North 
Republic of South Africa 

Fred Flandry, M.D., F.A.C.S. 

Attendant Surgeon 
The Hughston Clinic, PC 

Clinical Associate Professor of Orthopedic Surgery 
Tulane University School of Medicine 
Department of Orthopedic Surgery 
Columbus, GA 31904, USA 

Vittorio Franco, M.D. 

Rome, Italy 

Marc J. Friedman, M.D. 

Southern California Orthopaedic Institute 
Van Nuys, CA 91405, USA 

Freddie H. Fu, M.D. 

Blue Cross Professor of Orthopaedic Surgery 
Executive Vice Chairman & Professor 
Department of Orthopaedic Surgery 
Medical Director, Center for Sports Medicine 
University of Pittsburgh 
Pittsburgh, PA 15213, USA 

Mark Galland, M.D. 

Senior Resident 

Department of Orthopaedic Surgery 
Tulane University School of Medicine 
Department of Orthopaedic Surgery 
New Orleans, LA 70112, USA 

Montserrat Garcia, M.D. 

Barcelona, Spain 

Mark Getelman, M.D. 

Southern California Orthopaedic Institute 
Van Nuys, CA 91405, USA 

Gregory A. Hanks, M.D. 

Orthopaedic Institute of Pennsylvania 

Harrisburg Hospital 

Camp Hill, PA 17011, USA 



Christopher D. Harner, M.D. 

Chief, Division of Sports Medicine 
Department of Orthopaedic Surgery 
University of Pittsburgh 
Pittsburgh, PA 15213, USA 

Michael T. Havig, M.D. 

Orthopaedic Surgeon 

The Orthopaedic Specialty Hospital 

Salt Lake City, UT 84107, USA 

John S. Henry, M.D. 

Geisinger Medical Center 
Department of Orthopaedic Surgery 
Danville, PA 17821, USA 

Laurence D. Higgins, M.D. 

Assistant Professor 

Department of Surgery, Division of Orthopaedics 
Duke University Medical Center 
Durham, NC 27710, USA 

Raymond C. Hui, M.D. 

Fellow in Sports Medicine, Knee Surgery & 
Traumatology 
The Hughston Clinic, PC 
Columbus, GA 31904, USA 

Masaaki Ito, M.D. 

Department of Orthopaedic Surgery 
Sapporo Medical University 
Sapporo 060, Japan 

Darren L. Johnson, M.D. 

Chairman, Department of Orthopaedics 
University of Kentucky School of Medicine 
Department of Orthopaedic Surgery 
Kentucky Clinic — K431 
Lexington, KY 40536, USA 

Deryk G. Jones, M.D. 

Sports Medicine/Shoulder Fellow 
University of Pittsburgh 
Department of Orthopaedic Surgery 
Center for Sports Medicine 
Pittsburgh, PA 15213, USA 

Grant L. Jones, M.D. 

Fellow in Sports Medicine 
The Hughston Clinic, PC 
Columbus, GA 31908, USA 

Alexander Kalenak, M.D. 

Attending Orthopaedic Surgery 
Pinnacle Health System 
Department of Orthopaedics 
Camp Hill, PA 17011, USA 




Contributors xvii 



Kirk A. Kindsfater, M.D. 

Staff Physician 

Orthopaedic Center of the Rockies, Ft. Collins, CO 
Assistant Clinical Professor of Orthopaedics 
University of Colorado, Denver, CO 
Ft. Collins, CO 80525, USA 

L. Andrew Roman, M.D. 

Professor and Vice-Chair 
Department of Orthopaedic Surgery 
Wake Forest University School of Medicine 
Medical Center Blvd. 

Winston-Salem, NC 27157, USA 

Martin W. Korn, M.D. 

Clinical Assistant Professor 
University of Rochester 
Strong Memorial Hospital 
Rochester General Hospital 
Department of Orthopaedic Surgery 
Rochester, NY 14642, USA 

Kevin L. Kunkle, M.D. 

Private Practice 

Trenton Orthopaedic Group 

Mercerville, NJ 08648, USA 

M. Kurosaka, M.D. 

Department of Orthopaedic Surgery 
Kobe Universoty School of Medicine 
Kobe, Japan 

Roger V. Larson, M.D. 

Associate Professor 
University of Washington 
Department of Orthopaedic Surgery 
Seattle, WA 98195, USA 

Wayne B. Leadbetter, M.D. 

Clinical Assistant Professor of Orthopaedic Surgery 
Georgetown University 
Clinical Assistant Professor of Surgery 
Uniformed Services University of Health Sciences 
Washington, DC, USA 

Robert E. Leggon, M.D. 

Director, Orthopaedic Traumatology 
Department of Orthopaedic Surgery 
Geisinger Clinic 

Penn State Geisinger Health System 
Danville, PA 17822, USA 

Philup J. Lewandowski, M.D. 

Crystal Clinic 

Akron, OH 44308, USA 



Ronald W. Lindsey, M.D. 

Professor of Orthopaedic Surgery 
Chief, Section of Orthopaedic Trauma 
Department of Orthopaedic Surgery 
Baylor College of Medicine 
Houston, TX 77002, USA 

M. Mike Malek, M.D., F.A.C.S. 

Director, Washington Orthopaedic and Knee Clinic 
Vienna, VA 22182, USA 

R.K. Marti, M.D. 

Amsterdam, The Netherlands 

Antonio Miguel, M.D. 

Mexico City, Mexico 

K. Mizuno, M.D. 

Department of Orthopaedic Surgery 
Kobe University School of Medicine 
Kobe, Japan 

Timothy J. Monahan, M.D. 

Resident in Orthopaedic Surgery 
Geisinger Clinic Medical Center 
Department of Orthopaedic Surgery 
Danville, PA 17822, USA 

Michael A. Mont, M.D. 

The John Hopkins University Medical Institution 
Department of Orthopaedic Surgery 
Division of Arthritis Surgery 
The Good Samaritan Hospital 
Baltimore, MD 21239, USA 

James S. Mulhollan, M.D. 

Private Practice 

Little Rock, AR 72205, USA 

Hiroshi Narita, M.D., Ph.D. 

Assistant Professor 
Department of Orthopaedic Surgery 
Sapporo Medical University 
Sapporo 060, Japan 

Charles L. Nelson, M.D. 

Assistant Professor of Orthopaedic Surgery 
University of Pennsylvania Medical Center 
Department of Orthopaedic Surgery 
Philadelphia, PA 19104, USA 

M. Noda, M.D. 

Department of Orthopaedic Surgery 
Kobe University School of Medicine 
Kobe, Japan 




xviii Contributors 



Feucia Ollivierre, M.D. 

Private Practice — Kaiser Permanente 
Cumberland, MD 21502, USA 

David A. Padden, M.D. 

The John Hopkins University Medical Institution 
Department of Orthopaedic Surgery 
Division of Arthritis Surgery 
The Good Samaritan Hospital 
Baltimore, MD 21239, USA 

Lonnie E. Paulos, M.D. 

Medical Director, The Orthopaedic Specialty Hospital 
& Orthopaedic Biomechanics Institute 
The Orthopaedic Special Hospital 
Salt Lake City, UT 84107, USA 

Vincent D. Pellegrini, Jr., M.D. 

Professor & Chair, Department of Orthopaedic^ & 
Rehabilitation, Pennsylvania State University 
Professor & Chief, Department of Orthopaedics & 
Rehabilitation, Penn State Geisinger Health 
System 

Hershey, PA 18033, USA 

Lars Peterson, M.D., Ph.D. 

Gothenburg Medical Center 
Gothenburg, Sweden 

Dennis J. Philups, M.D. 

Tuckahoe Orthopaedic Associates 
Richmond, VA 23226, USA 

Gary G. Poehung, M.D. 

Professor & Chair 
Department of Orthopaedic Surgery 
Wake Forest University School of Medicine 
Winston-Salem, NC 27157, USA 

David C. Pollock, M.D. 

Orthopaedic Surgery Resident 
Wake Forrest University Baptist Medical Center 
Department of Orthopaedic Surgery 
Winston-Salem, NC 27157, USA 

Giancarlo Puddu, M.D. 

Rome, Italy 

John C. Richmond, M.D. 

Associate Professor of Orthopaedic Surgery 
Tufts University School of Medicine 
New England Medical Center 
Boston, MA 02111, USA 



John B. Ryan, M.D. 

Private Practice 
Warren, MI 48093, USA 

Susan Craig Scott, M.D. 

Private Practice 

New York, NY 10128, USA 

W. Norman Scott, M.D. 

Chairman, Department of Orthopaedic Surgery 

Beth Israel Hospital 

Associate Professor 

Mt. Sinai School of Medicine 

New York, NY 10128, USA 

Thomas L. Smith, Ph.D. 

Research Assistant Professor 
Department of Orthopaedic Surgery 
Wake Forest University School of Medicine 
Winston-Salem, NC 27157, USA 

Glenn C. Terry, M.D. 

Staff Physician 

The Hughston Clinic, PC 

Columbus, GA 31908, USA 

JOrgen Toft, M.D. 

Chief Knee Surgery 

Alpha-Klinik for Knee & Spine Surgery 
Department of Knee Surgery 
Munich, 81925 Germany 

C.N. Van Dijk, M.D. 

Amsterdam, The Netherlands 

Terry L. Whipple, M.D., F.A.C.S. 

Tuckahoe Orthopaedic Associates 
Richmond, VA 23226, USA 

Russell E. Windsor, M.D. 

Associate Professor of Orthopaedic Surgery 
Hospital for Special Surgery 
Cornell University Medical Center 
Department of Orthopaedic Surgery 
New York, NY 10021, USA 

Michael R. Woolfrey, M.D., F.R.C.S.C. 
London Health Sciences Centre 
University Campus 
London, Ontario, Canada N6A 5A5 




Contributors 



Chang Moo Yim, M.D. 

Department of Orthopaedic Surgery 
School of Medicine 
Kyung Hee University 
Seoul, South Korea 



S. Yoshiya, M.D. 

Department of Orthopaedic Surgery 
Kobe University School of Medicine 
Kobe, Japan 




Section I 

Overview of Complications and Pitfalls 
IN Arthroscopy and Arthroscopic 

Procedures of the Knee 




Chapter 1 



Avoiding Complications 

Guidelines for Safe Arthroscopic Knee Surgery 

Terry L. Whipple and Dennis J. Phillips 



K nee arthroscopy is one of the most frequently 
performed surgical procedures in the field of 
orthopedics. This procedure has relatively low 
morbidity, but with the large volume of procedures per- 
formed and the evolution of more complex techniques 
using minimally invasive approaches, complications are 
bound to occur. 

With continued advances in orthopedic surgery of the 
knee, hospitalization time, medical cost, and time lost 
from work and recreation have been dramatically re- 
duced and restoration of neuromuscular function has im- 
proved. Although the benefits of minimally invasive 
surgery should reasonably include a reduction in the rate 
of complications, a review of the literature suggests there 
is room for improvement. DeLee^ reported in 1985 the 
results of a national survey conducted by the Arthro- 
scopy Association of North America on 118,600 ar- 
throscopic knee procedures with a complication rate of 
0.8%. Sherman et al^ reported a much higher compli- 
cation rate of 8.2% on a review of 2,640 cases in 1986. 
Identifying factors that commonly lead to complications 
can heighten a surgeon’s awareness of risk and invite 
precautionary measures. This chapter reviews the safety 
measures and routines that can help avert complications 
through preparedness, alertness, and routine precau- 
tions. 

Most complications associated with arthroscopic knee 
procedures can be attributed to errors that could be 
avoided during the perioperative period. A complete his- 
tory and physical exam should establish a working di- 
agnosis preoperatively, so the surgeon has a reasonable 
expectation of pathology to be encountered, and has 
immediately at hand the instruments and facilities to 
address them. Ancillary diagnostic services and studies 
should be ordered to complement the patient’s clinical 



examination. Too often, residents, fellows, and staff sur- 
geons embark on surgical procedures lacking complete 
familiarity with the patient’s history and physical find- 
ings. This leaves them unprepared to perform the pro- 
cedures in the proper context, and to exercise intraop- 
erative judgment that is most appropriate for a patient’s 
prioritized goals, lifestyle, and physical demands. Rarely 
is it appropriate for a surgeon to embark on an ar- 
throscopic procedure without having personally exam- 
ined and interviewed the patient, expecting to deal with 
whatever abnormal anatomy is encountered intraoper- 
atively. 

A preoperative plan should establish the objectives of 
the arthroscopic procedure. Contingency plans should 
also be reviewed to ensure the availability of equipment 
that might be needed, and to properly inform and pre- 
pare the patient for possible alternative results and al- 
tered plans for recuperation and outcome. Before com- 
mencing the procedure, the surgeon should review the 
availability of required instrumentation personally. 

Complications increase with the unnecessary pro- 
longation of surgical procedures. Cases may be pro- 
longed waiting for instruments to be retrieved, sterilized, 
or even brought into the hospital setting after induction 
of anesthesia. Lesser delays may result from the surgi- 
cal team’s lack of familiarity with the equipment and its 
proper operation. The surgical team should make a habit 
of reviewing the assembly and operation of unfamiliar 
equipment preoperatively with the surgeon or other staff 
members to expedite the procedure and minimize op- 
erating time. New techniques and equipment are best 
rehearsed or reviewed in a simulated surgical setting or 
laboratory, not in the course of a patient’s surgery. Op- 
erating room personnel should be cognizant of their in- 
dividual responsibilities and should be accountable for 
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the delivery, maintenance, and sterilization of surgical 
equipment. 

General preparedness for appropriate medical man- 
agement of patients takes priority over elective surgical 
repair or reconstruction of the knee. Past medical ill- 
nesses, prior difficulties with anesthesia or surgical re- 
cuperation, routine medications, and medical allergies 
should be reviewed preoperatively in detail. A final re- 
view of clinical records of the patient’s knee history and 
physical examination are helpful. Preoperative radio- 
graphs and films of special procedures should be avail- 
able for reference intraoperatively if necessary. Before 
a patient is premedicated, the surgeon should briefly re- 
view the planned treatment objectives and invite the pa- 
tient’s questions to allow the patient to feel comfortable, 
confident, and well informed about his treatment and 
the expectation of outcomes. The patient should be 
asked to mark the operative site before premedication 
to avoid the possibility of wrong-site or wrong-side 
surgery. 

As a final preoperative physical check, the surgeon 
should inspect the operative site for skin breaks or in- 
flammation, and assess the patient’s airway, heart rate 
and rhythm, peripheral circulation, and mental status 
before induction of anesthesia. Even if the procedure is 
to be performed under local or regional anesthesia, in- 
travenous access is advisable. Once the patient is anes- 
thetized, a thorough examination of the knee should be 
repeated and compared with the opposite extremity for 
an understanding of the patient’s normal range of mo- 
tion, stability, and laxity. During induction, the surgeon 
would do well to review the instrumentation he antici- 
pates needing to ensure availability, and should discuss 
with the staff preparedness for possible contingency 
plans if unexpected pathology or intraoperative com- 
plications are encountered. 

It is the surgeon’s responsibility to see that no harm 
befalls the patient intraoperatively. Accordingly, one 
should double check the patient’s proper positioning and 
stability on the operating table, and be certain that all 
bony prominences or potential pressure points are well 
padded (Fig. 1.1). The patient should have no direct 
contact with metal objects, and particular attention 
should be paid to nerve pressure points such as the neck 
of the fibula, the posteromedial aspect of the elbow, and 
the axilla. The nonoperative leg should be well padded, 
the table should be slightly flexed to avoid strain on 
the lumbar spine, and a safety belt should always be 
applied. 

If a tourniquet is used, it should be sufficiently wide 
and smoothly applied against the skin to avoid pressure 
points or skin necrosis. One should be sure the tourni- 
quet is placed proximal enough on the thigh to allow 




Figure 1.1. In positioning the patient, all possible pressure 
points are padded, not only on the operated extremity, but 
the opposite side as well. This is especially important for pa- 
tients with capillary fragility or any connective tissue disease. 

sterile access to exit points for guide pins or sutures 
without compromising the sterile field. 

If a leg holder is used as a fulcrum for stressing the 
medial or lateral compartments of the knee open for 
better arthroscopic visualization, the surgeon should be 
sure that it is placed so as not to interfere with the ster- 
ile field, the tourniquet, or electrical grounding, and that 
it will not place undue pressure on the skin or interfere 
with the tourniquet. Many thigh-stabilizing devices 
placed proximally on the extremity pose a risk to the 
patient’s genitalia. A last-minute safety check in the per- 
ineum and adequate padding or coverage is imperative. 
Tourniquet pressure set 100 mm Hg above systolic pres- 
sure is usually adequate, but it is almost never necessary 
to exceed 150 mm Hg above systolic pressure. 

Varus or valgus stress in a thigh stabilizer should never 
be excessive. The patient’s advanced age, frailty, or pos- 
sible history of steroid consumption would indicate 
greater vulnerability of the collateral ligaments, and sur- 
geons should be cognizant of those conditions (Fig. 1.2). 
The Arthroscopy Association of North America report 
of complications in knee arthroscopy in 1985 noted that 
intraoperative ligament injuries constituted 4.4% of all 
complications, and occurred in 0.04% of all arthroscopic 
knee cases. ^ 

Prepping and draping must maintain a sterile water- 
proof barrier for the surgical field, and should allow am- 
ple exposure of the knee with the leg, foot, and ankle 
draped into the field. 

Sterile prepping of the skin should not be compro- 
mised, even though knee arthroscopy involves no wide 
surgical exposure, and entails copious irrigation of the 
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Figure 1.2. A: Using one’s body weight to apply valgus or varus stress against a fulcrum beneath the drapes requires special 
precautions, especially in the elderly. B: Iatrogenic rupture of the medial collateral ligament creates obvious increase in the in- 
traarticular work space, but complicates recovery from otherwise straightforward arthroscopic procedures. 



joint space. Still, skin contaminants pose a risk of in- 
fection in arthroscopic procedures, and can usually be 
avoided with careful compliance with routine sterile tech- 
nique. 

Portal placement in the knee should become routine. 
Care is taken always to avoid the infrapatellar branch 
of the saphenous nerve. Initial anteromedial or antero- 
lateral portals should be established directing the scalpel 
toward the intercondylar notch to avoid accidental con- 
tact with the femoral articular cartilage. Avoid the prac- 
tice of spinning the scalpel in the portal, which can lac- 
erate the joint capsule, patella tendon, or meniscus. If 
the initial portals are made with the knee passively flexed 
90 degrees, it should be easy to follow the path of the 
capsular incision with the arthroscope sheath and 
trochar. Extending or flexing the knee after the scalpel 
insertion allows subcutaneous tissues to obscure the cap- 
sular puncture. Inserting the arthroscope sheath and 
trochar toward the intercondylar notch minimizes risk 
of scuffing the articular cartilage on entry. 

An initial comprehensive arthroscopic survey of the 
entire knee is imperative, but we recommend the initial 
inspection be directed to the compartment and anatomic 
structures where pathology is most expected to be 
found. This permits the scrub nurse or circulating nurse 
to prepare instrumentation needed for the definitive pro- 
cedure while the surgeon completes his survey inspec- 
tion of the rest of the joint. Time is saved in this way 



should the preoperative diagnosis be mistaken and dif- 
ferent instrumentation be required. 

Establishing a coordinated accessory portal can be 
accomplished most accurately by sounding the portal 
placement initially with a hypodermic or spinal needle 
while monitoring the intended portal placement arthro- 
scopically. If a spinal needle can be inserted to directly 
reach the target structures in the knee, less struggle and 
easier execution of the procedure will occur with the ap- 
propriate instrumentation. It usually helps also to place 
the anteromedial and anterolateral portals at slightly dif- 
ferent levels above the anterior menisci so as to avoid 
crowding instruments with the arthroscope, especially 
in the intercondylar notch. Although many surgeons ori- 
ent their portals transversely in keeping with hanger’s 
skin lines, the authors prefer longitudinally oriented por- 
tals that parallel the fibers of the joint capsule (Fig. 1.3). 
These portals heal readily and cosmetically without su- 
ture closure or skin tapes, and seem to minimize the 
risk of synovial herniation compared with transverse 
portals that cut fibers of the anterior capsule. Lidge^^ 
found that problems with the execution of arthroscopic 
procedures are inversely proportional to the skill of the 
arthroscopist. Though this is an apparent truism, every- 
one encounters difficult cases and unexpected obstacles 
irrespective of experience. Arthroscopy is a visual pro- 
cedure, and it is folly to proceed with a case unless or 
until adequate internal visualization is obtained. Visual- 
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Figure 1.3. Vertically oriented portals for knee arthroscopy 
parallel the fibers of the joint capsule and are less likely to 
cause synovial herniation. The portals may pout a bit imme- 
diately postoperatively, but require no closing sutures or tapes 
to produce a very cosmetic scar. 

ization may be obscured by internal bleeding, arthritic 
debris, fatty tissue, or synovial hypertrophy. Establish- 
ing optimal visualization must always be the first and im- 
portant objective in every case. Bleeding problems can 
be minimized by adding epinephrine to each bag of 
irrigating solution and by controlling intraoperative hy- 
pertension. Arthritic debris and excessive fatty or sy- 
novial tissue should be resected patiently until visibility 
is optimal. One should never compromise on good vi- 
sualization. 

Arthroscopic surgery requires finesse and gentleness. 
All instruments should be inserted gently with a twisting 
motion and with an index finger extended along the 
shaft of the instrument to meet the skin and avoid an 
inadvertent traumatic plunge into the joint. Articular car- 
tilage must be respected in every circumstance to pre- 
vent inadvertent iatrogenic injury. 

Some arthroscopic procedures pose particular risk to 
certain potential complications. Lateral retinacular re- 
lease, for example, may risk transection of the anterior 
branch of the lateral geniculate artery and risk excessive 
bleeding, bruising, or hemarthrosis. This artery can usu- 
ally be identified during the course of the release, if dili- 
gently sought. Cauterizing it minimizes complications as- 
sociated with excessive postoperative bleeding. 

Infusion pumps are now in widespread use to facili- 
tate distention of the joint during arthroscopy and to 



maintain a clear visual field. Mechanical positive pres- 
sure flow has a number of advantages compared with 
gravity-assisted systems, but complications are more 
likely to occur with the mechanical systems. Reports in 
the literature include ruptured suprapatellar pouch, deep 
posterior compartment syndrome, and skin slough. ^^^2 
Uncontrolled pressure in the irrigation system should be 
avoided. Most modern pumps contain both pressure and 
flow rate sensors that can automatically retard flow when 
pressure exceeds a safe threshold. The surgeon and the 
circulating nurse should both be familiar with the pump’s 
design and operation. Pump malfunctions should be rec- 
ognized and corrected thriftily to avoid overdistention. 

Perhaps the three most common intraoperative im- 
pediments to a successful arthroscopic knee exam are 
impaired visibility due to bleeding or to an exuberant fat 
pad anteriorly, and compromised access to the poste- 
rior regions due to ligament contracture. Struggling 
through a case with poor visibility or difficult access com- 
pounds the risk of an incomplete examination or an in- 
adequate procedure, and may result in further injury to 
articular surfaces or ligaments. Most such risks can be 
overcome with patience, understanding of the cause of 
the problem, coaching, experience, finesse, and know- 
ing when to stop. 

Bleeding is best controlled with a tourniquet. All knee 
arthroscopy cases should be performed with a tourni- 
quet in place, whether the surgeon chooses to inflate it 
electively or not. With the tourniquet deflated, excessive 
bleeding could be caused by a relative venous tourniquet 
effect from a tight circumferential thigh stabilizer. Intra- 
operative hypertension should be controlled to a systolic 
pressure level of 110 to 120 mm Hg unless the patient 
has a history of a stroke or myocardial ischemia. Un- 
balanced inflow and outflow can increase bleeding even 
from minor synovial punctures from well-placed portals 
(Fig. 1.4). Any abrasion treatment or intraarticular frac- 
tures will cause even worse bleeding with insufficient in- 
flow pressure. 

When intraoperative bleeding is encountered, reduce 
the level of any outflow suction, increase the inflow pres- 
sure in 10-mm increments up to the diastolic blood 
pressure if necessary, or by elevating the irrigation bags 
if using gravity infusion. These adjustments should tam- 
ponade venous bleeding within a few seconds. If not, 
reduce pressure on the thigh stabilizer and inflate a 
pneumatic tourniquet to a level of 100 to 150 mm Hg 
above systolic blood pressure. 

If bleeding persists with tourniquet elevation, check 
the tourniquet connections. 

The obstructive fat pad or ligamentum mucosum sim- 
ply requires a couple of extra minutes for resection. The 
ligamentum mucosum is most easily removed by de- 
taching it from the roof of the intercondylar notch. 
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Figure 1.4. Balancing inflow and outflow rates, even in bloody or inflamed joints, is critical to good visualization and efficient 
operating time. A: Before balancing irrigation rates. B: After balancing irrigation to maintain a constant slightly positive intra- 
articular pressure. 



which allows the fat pad to float anteriorly and usually 
out of the way. When resecting the fat pad, remember 
once its synovial covering has been breached, the fatty 
tissues will gradually absorb fluid and become enlarged. 
If one anticipates a more lengthy procedure, therefore, 
such as anterior cruciate ligament (ACL) reconstruction 
or stabilization of a tibial plateau fracture, more exten- 
sive fat pad resection might be appropriate (Fig. 1.5). 

When resecting the fat pad, be careful not to divide 
the intermeniscal ligament anteriorly. This is especially 
problematic in the presence of radial meniscus tears 
where the hoop stresses are further reduced. 

Tight compartments that limit access to the posterior 
regions of the knee require gentleness and cautious ap- 
plications of varus or valgus stress. Fracture of the fe- 




Figure 1.5. Ample resection of the fat pad improves visual- 
ization and saves time in all arthroscopic procedures in the 
anterior compartment or the intercondylar notch. 



mur or a medial collateral ligament tear can almost al- 
ways be avoided. Elderly patients, paraplegics, patients 
with metabolic bone disease, or those who have been 
immobilized for a period of time pose heightened risk 
of bone or ligament injury, as do rheumatoid patients 
or others with a prolonged history of steroid treatment. 
With gentle but sustained varus or valgus stress, collat- 
eral ligaments usually elongate gradually. This plastic 
change may require 5 or 6 minutes of continuous pres- 
sure. Remember, the posterior condyles of the femur 
are longer than the distal condyles, so the posterior com- 
partments are easier to visualize with the knee relatively 
extended instead of flexed in a figure-four position. 

This is a good opportunity to address the risks of a 
skin burn from electrocautery utilized under arthroscopic 
control. In slender patients, the normal fatty buffer be- 
tween retinaculum and skin is not present, and one 
should be constantly aware of the depth of the electro- 
cautery tip to avoid skin burns. Although it is tempting 
to use higher power for faster cutting speed, patience 
and gentleness will prove effective when cutting tissues 
or coagulating vessels under arthroscopic control. 

At the conclusion of a procedure, attention to exact 
details can also help prevent complications. Aspirating 
excess irrigating fluid from the joint before withdrawing 
instruments enhances postoperative comfort and mo- 
bility. Intraarticular Marcaine can provide 4 to 6 hours 
of pain relief, and Marcaine with epinephrine will help 
to reduce intraarticular bleeding postoperatively. It is 
prudent for the surgeon to check with the anesthetist 
for any contraindication to injecting epinephrine, espe- 
cially in patients with hypotension or bradycardia. 

Injecting 4 to 5 mg of intraarticular Duramorph can 
provide even longer pain relief, lasting up to 24 hours. 
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Whereas Marcaine is usually sufficient for a patient to 
clear the recovery room and make it home, Duramorph 
may easily last through the first night postoperatively. 

Routine portals in the knee rarely require closure even 
though they may pout at the end of a procedure. Lac- 
eration of a superficial vein when establishing a portal 
may require a suture to reduce bleeding, but most por- 
tals will heal more cosmetically without closure. Sutures 
leave additional puncture and pressure marks, and Steri- 
Strips often blister the skin if the knee swells postoper- 
atively. 

Compressive bandages should be applied with atten- 
tion to uniform pressure and avoidance of any circum- 
ferential fabric with an inelastic edge. Flexion and ex- 
tension of the knee cause nonelastic bandages to creep 
and roll, creating strictures around the skin that can com- 
press the peroneal nerve or impede venous return. 

Complications from anesthesia have been alluded to 
earlier with respect to hypotension and cardiac arrhyth- 
mias, but somnolence, nausea, and pain control warrant 
some additional comment. 

If the proper medications are given in the correct 
dosages, admission to the hospital can be minimized. 
Our surgery center has a 1.8% admission rate for all 
open and arthroscopic procedures. Somnolence, 
pain, and nausea are the most frequent issues encoun- 
tered in the postanesthesia care unit or recovery room 
following arthroscopic procedures. Most of these can be 
traced to inappropriate use of narcotics. Anesthesia in- 
duction with intravenous propofol has drastically re- 
duced the incidence of nausea, but intraoperative fen- 
tanyl often causes nausea anyway. As noted above, 
immediate postoperative pain can usually be controlled 
by deflating the tourniquet a few minutes before wak- 
ing the patient, and by injecting Marcaine or Duramorph 
intraarticularly. Toradol given in intravenous doses of up 
to 30 mg can provide additional postoperative analge- 
sia nearly equivalent to narcotics, but without the nau- 
sea side effects. Avoidance of narcotics also reduces the 
postoperative somnolence, which is frequently the cause 
of prolonged recovery room stays. 

Most perioperative complications can be intercepted 
early if the patient is properly monitored. In an outpa- 
tient setting, the patient may become responsible for his 
own postoperative monitoring. Adequate coaching of a 
family member before discharge is imperative for pa- 
tients undergoing ambulatory surgery, and if the patient 
will be spending all or part of the first 24 hours alone, 
this coaching should take place preoperatively before ad- 
ministering any medication. Patients and their families 
must know what to expect, and how to recognize signs 
of complications that warrant urgent medical attention. 

It is helpful to provide patients with written instruc- 



tions that document signs of infection, bleeding, and 
nerve or vascular compression. We also like to include 
specific instructions with respect to diet, ambulation, 
mobilization of the operated extremity, weight-bearing 
status, muscle isometrics, management of bandages, and 
activity level. These specific written instructions not only 
help avoid complications, but also minimize unneces- 
sary telephone calls postoperatively when the patient is 
most anxious and most uncomfortable. 

Finally, surgical speed is important to reduce costs, 
infection risk, and sequelae from prolonged anesthesia. 
Important as speed is, haste that leads to carelessness 
or increased surgical trauma is never justified. Surgical 
speed is a function of precision, efficiency of movement, 
and preparedness. The surgeon should assume some of 
the responsibility for the readiness of surgical assistants, 
scrub nurse, circulating nurse, and even the anesthetist 
by briefing everyone in advance of what he intends to 
do and what special instrumentation, implants, or an- 
cillary support, such as radiology services, he will need 
for the case. For unusual or complex cases, rotation of 
team members in and out of the case is ill advised, as 
the replacements have not been briefed on the surgical 
plan, and are unaware of intraoperative contingencies 
that may be under way. Only a coordinated team of staff 
members who are prepared for and attentive to the op- 
eration can contribute to a well-executed procedure and 
the avoidance of complications. 
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Chapter 2 



Postarthroscopy Septic Arthritis 



Gregory C. Fanelli and Timothy J. Monahan 



I nfection is second only to hemarthrosis in frequency 
of complications following arthroscopy.^ The extent 
may range from superficial wound infection of the 
portals to septic arthritis of the knee joint, which may 
result in destruction of articular cartilage, and impair- 
ment of joint mobility if not promptly and effectively 
treated. The reported incidence of septic arthritis fol- 
lowing knee arthroscopy is between 0.03% and 0.3%.^“^ 
Causes of postarthroscopy septic arthritis include in- 
traarticular steroid injections, prolonged operating time, 
inadequate equipment sterilization, airborne bacteria, 
skin lesions, and supracutaneous sutures. This chapter 
discusses the causes, clinical presentation, prevention, 
and treatment of postarthroscopy septic arthritis. 

CONTRIBUTING FACTORS 
Intraarticular Steroids 

The use of intraarticular steroids may help to reduce the 
inflammation and pain of the chronically painful knee; 
however, intraarticular steroid use during arthroscopy is 
strongly associated with increased rates of infection.^ It 
has also been reported that intraarticular steroid usage 
is contraindicated within several days preceding joint 
surgery,^ and is not recommended for several weeks af- 
ter arthroscopy.^ Proposed mechanisms include delay- 
ing healing, inhibiting inflammatory effects and immune 
response, as well as masking signs of infection. 

Sterilization Procedures 

Gluteraldehyde disinfection is less damaging to arthro- 
scopic equipment than steam sterilization, and has been 
shown to be bactericidal with 10 minutes of immersion. 
Strict adherence to a soak time of 15 minutes, and reg- 



ular changes of the solution are required if this method 
is used."^ Improper sterilization techniques, including in- 
complete arthroscope immersion and failure to change 
the gluteraldehyde solution on schedule, have been im- 
plicated in increased infection rates. 

Operating Room Environmental Factors 

Increased aerosolization of pathogenic bacteria during 
procedures has been demonstrated by culture plate 
growth. Attention should be given to minimization of 
traffic in the operating room, and placement of steril- 
ized arthroscopes, cables, and supplies away from door- 
ways and air vents. 

Skin Lesions 

Skin lesions such as abrasions, lacerations, and abscesses 
around the operative site are an absolute contraindica- 
tion to arthroscopic surgery. We recommend post- 
poning surgery with any potentially infectious remote site 
such as an ingrown toenail or other source of infection. 
The skin should be inspected immediately prior to the 
procedure to rule out the presence of such lesions. 

Foreign Material 

Introduction of hair into the joint may occur from in- 
serting the arthroscopic equipment into unshaven areas 
of the skin.^ This serves as a potential source of infec- 
tion, and may be prevented by thorough skin prepara- 
tion and shaving of the operative site. 

Supracutaneous Sutures 

Sutures tied over the skin were prevalent in previously 
used meniscus repair techniques, and were associated 
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with frequent infections. Current techniques advocate 
sutures tied intraarticularly, or sutures tied directly over 
the capsule deep to the subcutaneous tissue. A sub- 
stantial decrease in infection rate has been observed 
since externally tied sutures have been abandoned. 

CLINICAL PRESENTATION 

Armstrong et aF reported that septic arthritis tends to 
present as one of two syndromes: classic or insidious. 
Classic symptoms of septic arthritis occur in about 25% 
of infections, and include onset within about 2 days of 
surgery with rapidly progressive knee pain, swelling, 
warmth, erythema, fever, and accompanying leukocy- 
tosis. The classic presentation is almost always caused 
by Staphylococcus aureus; however, S. aureus pre- 
sents with classic symptoms only approximately 50% of 
the time. 

An insidious presentation occurs in approximately 
75% of infected patients with subacute pain, swelling, 
mild fever, and minimal or no leukocytosis within 1 to 
11 days of surgery. Coagulase-negative staphylococci 
almost always exhibited the insidious presentation.^ A 
high degree of suspicion is necessary due to the insidi- 
ous nature of some infections, and the difficulty in dis- 
tinguishing them from the normal postoperative syn- 
ovitis. This high index of suspicion helps to decrease 
the devastating consequences of untreated infection. 

When infection is suspected, synovial fluid aspiration, 
analysis for leukocytes in the joint fluid, and culture 
should be performed, and treatment promptly started. 
Cultures should be repeated if any contamination or 
doubt exists regarding the pathogen. Staphylococcus 
epidermidis and other coagulase-negative staphylococci 
are important pathogens, and should not be dismissed 

as a contaminant. Jerosch et aF^ recommend mea- 
surement of joint fluid for leukocytes and C-reactive pro- 
tein (CRP) levels, as CRP is useful for diagnosis within 
hours of joint infection, and decreases by 50% per day 
with successful treatment. Peripheral white blood cell 
counts, synovial fluid Gram stain, and gross appearance 
were normal in 50% of infected patients,^ and were 
especially poor indicators in the group that presented 
insidiously. 

PREVENTION 

Antibiotic Prophylaxis 

Antibiotic prophylaxis is expected to give a fourfold re- 
duction in infection rate and to decrease morbidity, and 
was calculated to be cost-effective for infection rates 
greater than 0.08%."^ The use of prophylactic antibi- 



otics, however, is controversial. Strict adherence to 
aseptic technique is cited by Reiser^ as more important 
in infection control, and Guhl and Schonholtz^ recom- 
mend against routine use of prophylactic antibiotics in 
short diagnostic and surgical cases. D’Angelo and 
Ogilvie-Harris^ state that reliable prediction of septic 
complications is not possible using risk factors, but sev- 
eral authors have found that multiple concurrent pro- 
cedures and long operative times correlate with in- 
creased infection rates. An extremely large study 
group would be necessary to determine the efficacy of 
prophylactic antibiotics because of the small underlying 
rate of infection, and may be impractical. In the absence 
of this information, proper attention should be given to 
sterile technique and other controllable factors. Pro- 
phylactic antibiotics may be appropriate during multi- 
ple, concurrent, and lengthy surgical procedures. 

TREATMENT 

Immediate drainage and administration of intravenous 
antibiotics is necessary to avoid decreased joint mobil- 
ity and further articular cartilage destruction. DeLee^ re- 
ported that 18 of 95 infections resulted in a permanent 
loss of flexion to less than 90 degrees in the involved 
knee. Several options exist for removing purulent ma- 
terial from the knee joint, including arthroscopic lavage 
and debridement, repeated aspirations, arthrotomy, and 
suction/irrigation. Smith^^ reported that arthroscopic 
lavage and debridement within 24 hours of diagnosis 
resulted in no recurrent infections and decreased mor- 
bidity and hospital stay. Armstrong et aF reported no 
secondary infections or immediate relapse following ar- 
throscopic treatment. 

The following disadvantages exist with other meth- 
ods of draining the knee joint: Repeated aspiration of 
the knee is painful, and concern exists that aspiration 
does not completely evacuate and decompress the 
knee.^^ Open arthrotomy is effective at eliminating in- 
fection, but has significant morbidity with associated 
scarring, joint stiffness, and prolonged hospitalization.^^ 
Suction/irrigation technique has a higher rate of sec- 
ondary infections and relapse than arthroscopic lavage 
and debridement,^ and Jackson^^ reports that it is ef- 
fective only if the joint is fully distended with fluid, and 
drained dry in a cyclic fashion. If irrigation and suc- 
tion are applied at the same time, the fluid flows along 
a “highway” in the joint, and does not flush remote or 
localized areas. Armstrong et aF report that distention/ 
irrigation is no longer necessary with the advent of ar- 
throscopic lavage. 

There is general agreement in the literature that sep- 
tic arthritis of the knee is best treated initially with ar- 
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throscopic lavage and appropriate antibiotic therapy. 
The effectiveness of this procedure is attributed to de- 
compressing the joint, removing tissue debris that may 
cause further enzymatic destruction of articular carti- 
lage,^^ and removing any foreign material that may have 
caused the pyogenic condition. Articular lavage must be 
prompt once diagnosis of pyarthrosis is made. No re- 
currence of infection or treatment failures were observed 
in a series of 30 patients lavaged within 24 hours of di- 
agnosis, and all patients were ambulatory on postoper- 
ative day 1 with normal knee range of motion. Fail- 
ure and recurrence rates have been shown to be higher 
when treatment is delayed. Williams et al^ recommend 
arthroscopic debridement and lavage, combined with 
open debridement of extraarticular wounds and intra- 
venous antibiotics, as first-line treatment for infections 
following arthroscopically assisted anterior cruciate lig- 
ament surgery. Open arthrotomy and debridement 
should be considered only if clinical signs of infection 
persist despite the above treatment. 

The recommended duration of antibiotic treatment is 
variable. Smith started intravenous antibiotics at ad- 
mission, and continued them postoperatively for 48 to 
72 hours in uncomplicated cases. In diabetics or pa- 
tients with other medical problems such as renal failure, 
intravenous antibiotics were continued for up to 2 
weeks. In all cases, treatment was followed by 1 month 
of oral antibiotics.^^ Armstrong et aF administered in- 
travenous antibiotics for 2 weeks, with an additional 2 
weeks of oral therapy. Regardless of the specific regi- 
men of treatment, progress should be closely monitored 
for recurrence of symptoms, and prompt corrective ac- 
tion taken. 

In a national survey of arthroscopy complications 
SmalF found that the most commonly isolated infect- 
ing organisms were staphylococci, with S. aureus and 
S. epidermidis the most common types, followed by 
Streptococcus, Pseudomonas, and other unspecified 
organisms. In a review of arthroscopic surgery compli- 
cations, Reiser^ notes that Staphylococcus is the most 
common pathogen, and Streptococcus, meningococ- 
cus, and gram-negative organisms including Pseudo- 
monas are rarely seen. 

Clostridium perfringens has been reported in three 
cases following disinfection of the arthroscope and ca- 
bles in gluteraldehyde solution.^ Pasteurella multocida 
has been documented with animal exposure following 
arthroscopic surgery. In most cases of P. multocida 
septic arthritis, a history of an animal bite distal to the 
affected joint is present, but in the above case, and in 
one-third of reported cases, there is only a history of 
animal exposure, not a bite. Blastomycosis of the knee 
and skull was reported in a previously healthy patient 
following arthroscopy, and did not respond to conven- 



tional treatment. When resistant septic arthritis is en- 
countered, unusual organisms should be considered. Fi- 
nally, Michalska^^ reports that synovial fluid cultures are 
negative in 10% to 15% of patients with bacterial arthri- 
tis, and that synovial biopsy cultures may improve yield 
in identifying an infecting organism. 

OTHER CONSIDERATIONS 
Synovial Fistula 

Collins^^ reported that synovial fistulas occurred at a 
portal site in four of 1,500 diagnostic and operative 
arthroscopies. These synovial fistulas resulted in persis- 
tent discharge of synovial fluid with other symptoms, 
and all fistulas closed spontaneously within 14 days. The 
most significant issue regarding a fistula is possible mis- 
diagnosis as an infection. If persistent discharge is ac- 
companied by pain, swelling, or fever, then synovial fluid 
aspirate should be performed. The synovial fluid aspi- 
rate should be evaluated for leukocytes, and culture 
should be performed. In the absence of these symptoms 
of infection, the fistula may be left to close sponta- 
neously. 

Superficial Portal Infection 

Collins^^ reported that superficial portal infections oc- 
curred in five of 4,200 portal sites used in diagnostic 
and operative arthroscopies. In all five cases, no infec- 
tion of the knee joint was found, and the superficial in- 
fections responded rapidly to oral antibiotic therapy. 
Fairclough and Moran^^ state that an increased wound 
infection rate is observed if subcutaneous tissue is in- 
cluded in the suture, and note that Gristina et aF"^ have 
shown bacterial colonization of suture tracks. Forrester 
et aF^ reported that the strength and toughness of 
wounds were comparable when closed with either sur- 
gical tape or suture material after about 20 days of heal- 
ing. Fairclough and Moran observed that it would be 
preferable to use tape closure of arthroscopy portals in 
lieu of percutaneous sutures, and reported no compli- 
cations with tape closure in 168 patients. One superfi- 
cial portal infection developed in wounds closed with ny- 
lon suture. 

Williamson and Copeland^^ reported no complica- 
tions in 140 patients whose portal incisions were treated 
without sutures, and found that leaving the portal 
wounds open precludes hematoma by allowing drain- 
age, provides a better cosmetic result, and has the added 
advantage of suture material cost savings. Maffuli et aF^ 
corroborated the above findings in a study of 100 pa- 
tients randomly assigned to suture and sutureless groups. 
No major complications were encountered in either 
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group, but the incidence of hematoma and superficial 
abscess formation was lower in the sutureless technique. 
Based on the current literature, sutureless treatment of 
portal incisions appears effective, with lower rates of su- 
perficial infection, hematoma, and scarring. 

CONCLUSION 

Postarthroscopy septic arthritis is an uncommon com- 
plication. Contributing factors include intraarticular 
steroids, inadequate sterilization procedures, operating 
room environmental factors, skin lesions, and supracu- 
taneous suture placement. Strict adherence to sterile 
technique in the operating room decreases the chances 
of this complication. Preoperative antibiotics may de- 
crease the incidence further. Arthroscopic surgical 
lavage, debridement, and drainage, combined with the 
appropriate intravenous antibiotics, is the treatment of 
choice for postarthroscopy septic arthritis. 
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Chapter 3 



Soft Tissue Complications 

Ecchymosis, Hemarthrosis, Chronic Effusion, 
AND Wound Dehiscence 



N o matter how well conceived, knee surgery is a 
deliberate controlled wounding of highly vascu- 
larized living tissues. The benefits of any pro- 
posed surgical procedure must be constantly weighed 
against the induced costs of functional recovery from 
creating an acute injury, namely, hemorrhage, inflam- 
mation, pain, muscle inhibition, and possible arthrofi- 
brosis. While the advent of arthroscopic techniques has 
reduced obvious cutaneous and myotendinous trauma, 
intraarticular hemorrhage from such procedures as syn- 
ovectomy, ligament tunneling, burring, retinacular re- 
lease, or various chondral restoration procedures can 
lead to significant postoperative disability. Given these 
circumstances, it is not surprising that most reviews have 
shown hemarthrosis to be the most frequent complica- 
tion of knee arthroscopy and, by experience, of knee 
surgery in general.^ Postoperative hemarthrosis of the 
knee along with prominent cutaneous ecchymosis, re- 
current effusions, and potential wound dehiscence with 
synovial fistula pose clinical problems ranging from pa- 
tient apprehension due to tenderness at wound sites to 
serious delays in the recovery of joint motion or limb 
strength. 

This chapter discusses these issues primarily in the 
context of prevalent arthroscopic technique, although 
the principles are applicable to all knee surgery. 

CUTANEOUS ECCHYMOSIS 

Nothing alarms a patient more in the immediate post- 
operative period than the appearance of bleeding, 
whether on the dressings or in the form of cutaneous 
ecchymosis (Fig. 3.1). The fear of a “blood clot” as an 
imminent thromboembolic threat or the perceived on- 
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set of “gangrene” stirs patient anxiety. If such cutaneous 
staining is accompanied by prominent calf swelling and 
pain, differentiating an actual thrombophlebitis can be 
difficult and warrants immediate venous plethysmogra- 
phy evaluation.^ An improperly applied or disheveled 
Ace bandage may actually contribute to the risk of ve- 
nous stasis and distal leg edema (Fig. 3.2). The result- 
ing dependent swelling and pain may slow recovery and 
the ability of the patient to ambulate. A tourniquet or 
leg holder may also cause prominent skin contusion as 
well as underlying muscle pain, presumably from either 
local ischemic effect or direct muscle trauma (Fig. 3.3). 
Such reactions can be reduced in severity or occurrence, 
although not completely eliminated, by setting tourni- 
quet pressures to realign to the patient’s actual systolic 
blood pressure and in most cases 250 mm Hg or less 
for the shortest reasonable time required by the surgi- 
cal technique. While the decreased use of the tourniquet 
has been popularized in recent years due to concerns 
about both muscular and peripheral nerve injury, recent 
studies have not demonstrated significant functional re- 
covery benefits in such procedures as anterior cruciate 
ligament reconstruction. It has been the author’s expe- 
rience that the procedural time saved from improved 
visibility combined with the diminished actual blood loss 
during the procedure has created fewer problems with 
postoperative hemorrhage residuals when a tourniquet 
is used. 

A simple bruise reaction at a portal site may occur 
(Fig. 3.4). This may result from inadvertent damage to 
a cutaneous vein or to underlying bleeding from pene- 
tration of the vastus musculature during portal incisions. 
Such wounds may remain sensitive and heal with ex- 
cessive subcutaneous scarring, creating a thickened pal- 
pable lump. Patients can be reassured that these will re- 
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Figure 3.1. Typical degree of ecchymosis that may be seen 
after an arthroscopic anterior cruciate ligament (ACL) recon- 
struction, bone-patella-bone, single-incision endoscopic tech- 
nique. A tourniquet was used for 74 minutes at 250 mm Hg; 
Cryocuff (Aircast Corp.) and postoperative dressing were ap- 
plied before tourniquet release. 



solve and become less symptomatic, but the process 
may take several months. Such problems can be re- 
duced by transluminating with the arthroscope cuta- 
neous vessels before actually incising portal sites and by 
avoiding the superior genicular vessels at outflow portal 
sites. 

Another manifestation of postoperative cutaneous ec- 
chymosis in the author’s experience is pruritus. Local 
itching and irritation as well as pain may result from the 
biodegradation of hemoglobin to its elemental pigments, 
biliverdin and bilirubin. These bile salts are in turn stim- 




Figure 3.2. Leg appearance 3 days postarthroscopy and ACL 
reconstruction. Note tourniquet effect caused by Ace wrap 
bandage below knee with extravasation of bleeding to foot 
and ankle. Patient complained of tightness and aching pain 
in lower leg and ankle. 




Figure 3.3. Typical bruise effect from tourniquet and leg 
holder. Such reactions may retard knee rehabilitation. 



dating to histamine-bearing cutaneous mast cells. These 
symptoms resolve gradually with appropriate medication. 

HEMARTHROSIS AND HEMATOMA 

The retrospective incidence of postoperative hemarthro- 
sis in arthroscopic knee surgery varies from 5% to 
42%. In an often-quoted prospective study of 23 ex- 
perienced arthroscopists, Small^ recorded an incidence 
of hemarthrosis of 1%, which still represented 23.5% 
of all complications. If one considers that this was a se- 
ries of reputedly skilled surgeons, then the true incidence 
of operative hemarthrosis is probably higher in practice. 
Lateral retinacular release has the highest reported in- 
cidence (7.15%) of hemarthrosis."^ 




Figure 3.4. Local portal contusion of superomedial cannula 
site. Such reactions usually resolve uneventfully but may re- 
main tender. 
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Figure 3.5. Preferred dressing technique. A thick, padded 
dressing of fluffs, bulk cotton, or similar material is applied 
to the knee. 

Increased risk for this complication is associated with 
bleeding diathesis, platelet aggregation problems, and 
chronic renal disease, and with patients who are on war- 
farin (Coumadin) or have known coagulation defects.^ 

While various medical strategies can alleviate some 
risk, surgeries involving increased bleeding such as tib- 
ial tubercle osteotomy (e.g., Fulkerson procedure) or ex- 
tensive synovectomy may require preventive measures 
at the time of surgery in addition to careful surgical he- 
mostasis. These measures include the use of intraartic- 
ular Marcaine with epinephrine and careful attention to 
the postoperative dressing application (Figs. 3.5 and 3.6). 




Figure 3.6. Preferred dressing technique. A thigh-high 
thromboembolic disease (TED) stocking is applied over the 
dressing. An Ace bandage may be temporarily added for ad- 
ditional compression. A cooling device (Cryocuff, Aircast 
Corp.) and knee immobilizer complete the treatment. A he- 
movac suction drain is used and removed 2 to 3 hours post- 
operatively. 



Author’s Preferred Technique for Postoperative 
Dressing in Cases at Risk for Hemarthrosis 

The wound is carefully padded; in the case of a lateral 
retinacular release, a lateral buttress pad is added. The 
overall dressing consists of a thigh-high thromboembolic 
disease (TED) stocking with optional temporary Ace 
bandage overwrap, later removed before discharge; a 
cooling unit such as a Cryocuff (Aircast Corp., Summit, 
NJ) and a knee immobilizer. A hemovac drain is inserted 
through the drainage portal and removed 2 to 3 hours 
postoperatively, before discharge from recovery. 

Paradoxically, Small^ has reported a higher incidence 
of hemarthrosis with the use of knee drainage, pre- 
sumably due to a relative lack of tamponade of capil- 
lary bleeding. The author has not observed such a trend. 
On the contrary, it has been the author’s experience 
that the undrained knee may sequester large amounts 
of blood before tamponade, leading to severe joint dis- 
tention, synovial herniation, or subcutaneous hematoma 
formation (Fig. 3.7). Such a development in the first few 
days postoperatively may require surgical evacuation but 
more often can be managed expectantly until aspiration 
of the clot can be effectively accomplished. Magnetic 
resonance imaging (MRI) may help assess the extent of 
the postoperative hematoma.^ 

A concern is the risk of wound dehiscence resulting 
from extreme intraarticular fluid pressure, with the co- 
incident risk of bacterial contamination of the resulting 
synovial fistula. Both the patient and support staff should 
be cautioned that such a development warrants imme- 
diate evaluation and oral antibiotic prescription. 

Burch and DeHaven^ reported five cases of hemar- 
throsis and one subcutaneous hematoma after patello- 




Figure 3.7. Tense hemarthrosis with subcutaneous synovial 
herniation and hematoma at anterolateral arthroscope portal 
site. There is prominent secondary distal cutaneous ecchy- 
mosis. 
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femoral lateral release by percutaneous scissors tech- 
nique. Treated by aspiration for relief of pain or persis- 
tent distention, none resulted in long-term poor results. 



CHRONIC RECURRENT 
NONHEMORRHAGIC EFFUSION 
IN THE POSTOPERATIVE KNEE 

Nonhemorrhagic joint effusion postoperatively is the 
manifestation of a persistent inflammatory response. 
The stimulus of such a synovial response may be re- 
current trauma, metabolic disease (e.g., chondrocalci- 
nosis, gout), infection, or arthropathy.^ 

The potential for infection should always be assessed 
by analyzing a synovial fluid aspirate for cell count, 
anaerobic and aerobic cultures, and Gram stain. In the 
author’s experience, systemic symptoms may only de- 
velop late in the course of joint sepsis, and local in- 
flammatory signs upon knee examination are not always 
specific for sepsis. A foul odor or turbid fluid (i.e., fluid 
density through which newsprint cannot be read) should 
raise immediate clinical suspicion of infection. 

Occult or progressive arthritis is the most frequent 
etiology of recurrent postoperative effusion. Such de- 
generative articular wear may develop rapidly and un- 
predictably after meniscectomy or debridement proce- 
dures, especially in the mid-life and older patient. Risk 
factors for progressive osteoarthritis include female gen- 
der, overweight body habitus, genu varum malalign- 



ment, coincident ligamentous instability, and a high oc- 
cupational or recreational biomechanical stress profile. 

Aspiration in such a setting may reveal particulate ar- 
ticular debris in the synovial fluid. This is a poor prog- 
nostic sign indicating degeneration of the articular car- 
tilage matrix and often precedes detectable changes on 
MRI or plain x-ray (Fig. 3.8). 

Chronic synovitis has also been associated with Cidex 
sterilization of instruments.^ Thorough instrument rins- 
ing and using alternative sterilizing techniques have less- 
ened this problem. 

The use of allograft tissue sterilized by ethylene ox- 
ide is now recognized to cause prominent synovitic re- 
actions and is no longer recommended.^^ 

WOUND DEHISCENCE AND 
SYNOVIAL FISTULA 

Joint distention from hemarthrosis or chronic effusion 
can cause disruption of arthroscopic portals or incisions 
(Fig. 3.9). This development poses an immediate risk of 
secondary infection. The predominant organisms in ar- 
throscopic wound infection have been reported as 
Staphylococcus aureus and, to a lesser extent. Staphy- 
lococcus epidermidis.^ 

The incidence of synovial fistula varies from 0.64% 
to 3.2%.^J^ Immobilization, sterile dressings and a 
cephalosporin-derived oral antibiotic usually result in 
successful outcome. Because of the infection risk posed 
by such occurrences, I have continued to use suture clo- 




Figure 3.8. A: Arthroscopic appearance of articular degenerative fragmentations. Such material may provide autoantigenic 
chronic inflammatory response. B: Synovial fluid aspirate in chronic effusion. Note suspended articular wear fragments, which 
are best seen by transillumination. 
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Figure 3.9. Clinical appearance of arthroscopic portal de- 
hiscence of the knee with fistulous drainage. 

sure of all portals and wounds when heavy bleeding or 
effusion is anticipated. Sutures remain for 7 days to ob- 
tain secure healing. This may be particularly important 
in the steroid-dependent patient. While Steri-Strip clo- 
sures have become popular in some clinics, it has been 
my experience that sutures provide a more reliable ap- 
position of subcutaneous and capsular layers, affording 
less opportunity for fluid leakage or synovial herniation 
with joint distention. 

OBSERVATIONS ON THE 
PATHOPHYSIOLOGY OF HEMARTHROSIS 
AND CHRONIC EFFUSION— THE 
RATIONALE FOR CLINICAL TREATMENT 

Hemarthrosis of the knee has long been a concern re- 
garding the risk of destruction of articular cartilage due 
to proliferative synovitis and inflammatory cell infiltra- 
tion, especially in the setting of hemophiliac disease. 
Furthermore, most experimental models have shown in- 
creased protease activity in particular cartilage, a drop 
in glycosaminoglycan content of articular surfaces, and 
associated early cartilage destruction with chronic 
hemarthrosis.^^ The intraarticular pathologic effects of 
a single episode of bleeding is unclear but would appear 
to be associated with lower risk. Safran et. aF^ injected 
a single dose of blood into the ankle joints of rabbits 
and found only transient changes in joint stiffness and 
synovial histology at 28 days after injection. Ishizue et 
aF^ studied recurrent hemarthrosis in a rabbit knee, by 
inoculating the joint on 7 consecutive days with assess- 
ment on the ninth day and found inflammatory prolif- 
eration of the synovium but no effect on the histologic 
architecture, total collagen content, collagenase activity, 
or biomechanical properties of the anterior cruciate lig- 



ament. This was in contradistinction to a previous study 
in their laboratories with focus on the medial and lat- 
eral menisci demonstrating an increase in degradative 
activity assessed by collagenase activity. Other series 
have demonstrated proteoglycan degradation in the 
presence of a single episode of experimental hemarthro- 
sis. None of these studies attempted to correlate the 
pathologic effects of hemarthrosis with the actual pres- 
sure of hemorrhagic distention of the joint nor did they 
evaluate the quality of any limb dysfunction that the an- 
imal may have suffered. Such observations in the hu- 
man model are a prominent concern. 

In a study of the effects of chronic effusion on knee 
joint proprioception, Guido et aF^ noted that reflex in- 
hibition of joint proprioception as well as the subtended 
muscular function is caused by capsular distention. The 
ability of a knee joint effusion to cause reflex inhibition 
of the quadriceps musculature has been demonstrated 
by several authors. Guido et al further observed 
that “aspiration of the effusion may have reset the af- 
ferent feedback system of the capsular mechanorecep- 
tors, causing an improvement in the subject’s passive 
repositioning sense.” In the presence of effusion, the 
resting intraarticular pressure of the knee usually be- 
comes positive. Simkin^^ has noted that effusions of 
significant volume may deprive the joint of the stabiliz- 
ing effects of subatmospheric pressure and substitute in- 
stead a distending force that increases the stress on lig- 
aments and capsule (Fig. 3.10). In contrast to normal 




Figure 3.10. Isometric quadriceps contraction in normal 
knee containing 0, 10, and 20 mL added saline. With no in- 
jection, the intraarticular pressure is subatmospheric. This is 
no longer seen with 10 mL saline, and the pressure becomes 
positive with a simulated 20-mL effusion. 
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joints, the pressure of knee effusion is greatest in full 
flexion and full extension, with lowest intraarticular pres- 
sures occurring at 30 degrees of flexion. Hence, it is 
understandable why the swollen postoperative knee is 
vulnerable to loss of motion in extension and may have 
subsequent permanent restriction by fibroarthrosis. Pas- 
sive range of motion as is often exerted in early reha- 
bilitation of the operated knee may result in extremely 
high intraarticular pressures. Jayson and Dixon^^ ob- 
served a mean pressure of 802 mm Hg in three rheuma- 
toid patients injected with 100 mm of intraarticular fluid. 
Such high pressures can often cause severe discomfort 
in effused joints, limit rehabilitation and function, and 
cause herniation through the capsule and/or fistulous 
disruption of surgical wounds. 

In chronic recurrent nonhemorrhagic effusion, a 
growing body of literature reflects renewed apprecia- 
tion for underlying immunologic-mediated responses. 
Autoreactivity is the generation of immunologic re- 
sponses specifically against normal endogenous mole- 
cules.^^ Autoimmunity is defined as a pathophysiologic 
process characterized by a loss of self recognition and 
resulting reaction against autologous molecular struc- 
ture. Type 2 collagen of articular cartilage, proteogly- 
can molecules, and their fragments or epitopes have 
been documented to generate autoimmune synovitis in 
animals. Nonspecific posttraumatic inflammation 
and progressive joint trauma can result in altered anti- 
genic states of matrix molecules due to enzymatic degra- 
dation.^^ 

Hypothetical models have been suggested to explain 
how an initial nonspecific microtraumatic inflammatory 
process could create the exposure of previously clus- 
tered protein antigens and alter native protein struc- 
ture.^^ Cell membrane, matrix, and collagen provide 
possible sources of such antigenic stimulation. Autoan- 
tibodies to collagen in human synovial fluid have been 
documented. Specific antigen recognizing T-cell lym- 
phocytes (CD4 helper cells) cooperate with antibody- 
producing B-cell lymphocytes to initiate a specific cel- 
lular immunologic response. In addition, a third subset 
of dendritic synoviocytes are capable of presenting anti- 
gen to subsynovial T cells. 

T cells and B cells are not seen in great numbers in 
normal synovium. T cells have inherent migratory pro- 
ficiency that explains their ability to accumulate in in- 
flamed synovium. T cells produce cytokines that acti- 
vate tissue macrophages and macrophage-like cells such 
as the synovial A cell.^ Further tissue injury results when 
activated tissue macrophages give rise to hydrolases and 
toxic oxygen radicals. Activated synoviocytes are ca- 
pable of releasing neutral proteinases such as collage- 
nase, gelatinase, and stromolycen.^^ Intimal synovio- 
cytes are also capable of releasing potent cytokines such 



as interleukin- 1 with autocrine and paracrine feedback 
to synovium and articular cartilage cells, which may 
lead to further matrix degradation, weakening, and even- 
tual tissue fragmentation. Leadbetter et aP® have docu- 
mented the presence of significant T-cell and B-cell lym- 
phocyte populations in the subsynovial layers as well as 
increased macrophage activity in sports-induced synovial 
knee inflammation. Such studies provide further support 
for the observed increased clinical efficacy of corticos- 
teroid injection in synovial inflammation versus oral non- 
steroidal medication, namely, greater suppression of 
lymphocyte and/or macrophage activity. These findings 
place new emphasis on the role of intrinsic host factors 
in explaining the refractoriness to conventional medical 
treatment in chronic synovitis of the knee. Viscosupple- 
mentation with high molecular weight sodium hyaluro- 
nate injection (Hyalgan, Synvisc) can also be a useful 
adjunct in reducing postoperative synovitis based on ev- 
idence of similar downregulation of inflammatory T-cell 
and macrophage response. 

THERAPEUTIC MEASURES TO EMPLOY 
WHEN ENCOUNTERING POSTOPERATIVE 
HEMARTHROSIS OR CHRONIC 
RECURRENT NONHEMORRHAGIC 
EFFUSION OF THE KNEE 

The principles of rehabilitation of the knee after injury 
or surgery have been well defined. Current knee re- 
habilitation programs are designed to decrease symp- 
toms of inflammation, restore motion, improve muscle 
function, regain agility, improve conditioning, and has- 
ten return to work or sports. The principle of in- 
flammation reduction in the postsurgical knee has been 
well defined and typically includes both medical modi- 
fiers of inflammation as well as the use of physical 
modalities. In the presence of active or recent in- 
traarticular bleeding, the option now exists to use a 
Cox2-specific inhibitor drug (Celecoxib), thereby avoid- 
ing the platelet inhibition effects of nonsteroidal med- 
ications.^^ Also, I have found steroid use in the form of 
an oral Medrol Dosepak to be useful in select cases. 
While cryotherapy has not always been shown to pro- 
duce measurable differences in outcome, most authors 
still promote regional cooling as an important modality 
in knee surgery recovery and reduction of further bleed- 
ing 7,35 

The value of early motion in the recovery of limb 
function and conservation of joint motion has also been 
well established.^^ In addition, the increased clearance 
of a hemarthrosis from a synovial joint as an effect of 
continual passive motion treatment has been experi- 
mentally validated. 
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THE IMPORTANCE OF THERAPEUTIC 
JOINT ASPIRATION IN THE TREATMENT 
OF SYMPTOMATIC EFFUSION 

Therapeutic aspiration and intrasynovial therapy can of- 
ten be an important adjunct in expediting a more com- 
plete recovery after knee surgery. Aspiration should be 
considered whenever the pain of joint distention creates 
significant lack of compliance with rehabilitation goals 
or threatens to contribute to potentially preventable sec- 
ondary complications such as muscle atrophy or joint 
contracture (Figs. 3.11 and 3.12). In the case of chronic, 
nonhemorrhagic recurrent effusion, aspiration provides 
not only relief of the mechanical disabilities of joint 
distention but also improves the efficacy of medical man- 
agement, by diminishing the resident volume of autoge- 
nously produced proinflammatory degenerative macro- 
molecules within the joint. 

The Author’s Preferred Technique 
for Joint Arthrocentesis 

Since the risk of any aspiration is potential infection, it 
is critical that a fastidious sterile technique and compul- 
sive methodology be used to ensure success. Gloves are 
worn and the cutaneous sterilization is done as a first 
step with Betadine or similar antiseptic, allowing it to 
dry on the skin during further preparation for aspira- 
tion. Alcohol swabbing at the moment of arthrocente- 
sis is also done. A 60-cc syringe is initially used with a 
16-gauge needle. Smaller-bore needles provide poorer 
results because of intraluminal clotting. The aspiration 
site should be clear of all inflammatory signs; generally, 
the superolateral aspect of the superior patella pouch 




Figure 3.11. Technique of knee joint aspiration, which de- 
mands fastidious sterile technique and attention to proper 
preparation. As such, responsibility should not be delegated 
to the inexperienced. 




Figure 3.12. Technique of knee joint aspiration. Further de- 
compression of excess blood or synovial fluid can be often 
improved by gentle manual pressure. With the syringe de- 
tached from the needle, careful rotation of the needle bevel 
will improve fluid flow. Once the needle has been inserted, it 
should not be removed and reintroduced, to avoid possible 
contamination of the joint. 

provides easy access. If resistance to aspiration is en- 
countered, turning of the bevel of the needle while at- 
tached to the syringe may be helpful. At no time should 
the same needle be removed and reinserted. 

Once the maximum amount of aspiration has been 
achieved by use of the syringe, further removal of blood 
or synovial fluid can be achieved by manual joint com- 
pression with the needle left in place. This milking tech- 
nique has proved useful many times when conventional 
aspiration technique has failed. After aspiration is com- 
pleted, a sterile dressing with adequate padding and 
compression must be applied, as there is a tendency for 
the wound to drain spontaneously for a short period of 
time. 

Therapeutic aspiration is generally regarded as hav- 
ing an important role in the management of the acutely 
or chronically swollen knee.^’^^ As such, it should not 
be thought of as applicable only to the treatment of 
rheumatoid-related disease or as a measure of last re- 
sort. The selective use of parenteral corticosteroids has 
proven effective in further reducing the morbidity of 
these conditions.^ Two criticisms of aspiration and in- 
trasynovial therapy have been the risk of introducing in- 





3: Soft Tissue Complications 21 



fection and the potential catabolic harm of corticos- 
teroids to articular cartilage or healing structures. How- 
ever, a review of the literature reveals only anecdotal 
evidence for corticosteroid arthropathy when reasonable 
use is employed.^ In a series of 400,000 injections over 
a period of 32 years, Hollander^^ recorded an incidence 
of rapid joint damage of less than 1%, and an incidence 
of infection with intrasynovial therapy of 0.0005%. 
These concerns can be avoided by limiting the use of 
intrasynovial corticosteroid therapy to acute traumatic 
inflammation or arthropathy. I specifically avoid injec- 
tion of knees in which healing processes are intrinsic to 
the outcome of the procedure, such as anterior cruci- 
ate ligament reconstruction, meniscal repair, or chon- 
dral regeneration. Injections are used sparingly with 4- 
to 6-week intervals; often only one injection is required. 
Triamcinolone hexacetonide in a dosage of 20 mg is 
the preferable parenteral agent. If three injections 
have not controlled the recurrent effusion, the surgeon 
should reassess the underlying pathology and seek dif- 
ferent solutions. 
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Reflex Sympathetic Dystrophy 
Following Knee Surgery 



David C. Pollock, Gary G. Poehling, 
L. Andrew Koman, and Thomas L. Smith 



R eflex sympathetic dystrophy (RSD) is a complex 
pathologic entity that may occur following sur- 
gery or trauma, resulting in abnormally intense 
and inappropriately prolonged pain that is not a reflec- 
tion of actual or impending tissue damage in an affected 
area. Until recently, the syndrome was not well 
described in the knee. Persistent knee pain was tradi- 
tionally thought to be due to various posttraumatic or 
postoperative conditions.^ The classification of post- 
traumatic pain is complicated. RSD is well established 
in the lay, medical, and legal literature despite the ab- 
sence of defined pathophysiology or consistent clinical 
symptoms or signs. The term reflex sympathetic dys- 
trophy, however, may inappropriately imply that the 
sympathetic nervous system is actively involved without 
proof of increased sympathetic activity. Disorders con- 
sidered to be RSD and causalgia are now classified un- 
der the term complex regional pain syndrome (CRPS) 
and are based entirely on clinical criteria. The new ter- 
minology of CRPS will be used throughout the text ex- 
cept where RSD was originally used by cited authors. 

HISTORICAL REVIEW 

Silas Weir Mitchell et al^ first published descriptions of 
dystrophic pain in a patient following a gunshot wound 
with partial nerve disruption and unrepaired vascular 
supply. They used the term causalgia, from the Greek 
word for burning pain to describe this injury. Posttrau- 
matic persistent burning pain, diminished function, and 
abnormal vasoconstriction/vasodilation were first attrib- 
uted to abnormal sympathetic nervous system responses 
by Leriche^ in 1916. 

Regional bone demineralization accompanying post- 



traumatic pain was described by Sudek^ in 1900. The 
term reflex sympathetic dystrophy was introduced by 
Evans^ in 1947 and expanded by Bonica^ in 1973. Ko- 
man et aF in 1984 documented microvascular changes 
associated with RSD. The term reflex sympathetic dys- 
trophy has been used synonymously with a large vari- 
ety of descriptors and is felt to be inappropriately 
broad. ^ Dobyns^ proposed that abnormal function re- 
lated to pain be grouped broadly under the term pain 
dysfunction syndrome. Others have stressed the im- 
portance of differentiating sympathetically maintained 
pain (SMP) from sympathetically independent pain (SIP) 
and have defined the former as a better descriptor of 
RSD.^^Ti 1991 Janig et aF^ proposed a system that 
would avoid undocumented emphasis on the sympa- 
thetic nervous system. The term complex regional pain 
syndrome (CRPS) was proposed as an inclusive cate- 
gory of subgroups based on clinical and/or pathophys- 
iologic manifestations of dystrophic pain. The subgroups 
are further differentiated into CRPS type I (no periph- 
eral nerve injury), corresponding to RSD, and CRPS 
type II (with peripheral nerve injury), corresponding to 
causalgia. Further differentiation into SMP and SIP 
has been emphasized, and can be made dependent 
on sympathetic interventions. 

The historical reluctance to describe CRPS in the 
knee may be due to several factors. First, the patho- 
genesis and natural history of dystrophy is not well 
defined in any area of the body, even though initial de- 
scriptions of the symptoms date from 1864.^^’^^ Sec- 
ond, recognition of the syndrome is often delayed by 
repeated diagnostic and therapeutic interventions that 
inadequately address the underlying disease process. 
Third, no treatment for CRPS has proven consistently 
effective, perhaps because of the dynamic evolution of 
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the disease over time.^^ Finally, the prolongation of 
symptoms often results in increasing frustration for both 
patient and physician, culminating in delayed diagnosis, 
randomly selected therapeutic interventions, and fre- 
quent permanent partial disability judgments. 

DEFINITION 

Schutzer and Gossling^^ have defined RSD as an ex- 
aggerated response of an extremity to an injury. This 
response is manifested by four characteristics: (1) in- 
tense or unduly prolonged pain, (2) vasomotor distur- 
bances, (3) delayed functional recovery, and (4) trophic 
changes in the soft tissues. Another response to CRPS 
may include psychological problems secondary to pain. 
We have observed that dystrophy must be suspected 
when recovery from a traumatic or surgical insult is de- 
layed from what is expected given the magnitude of in- 
jury. This may be an abnormal expression of the nor- 
mal physiologic response to injury. 

PAIN 

Physiology 

Numerous investigators have suggested various theories 
regarding the pathophysiology of CRPS. Three main ar- 
eas have been suggested as possible sources of chronic 
pain and disability of CRPS: (1) central nervous system 
(CNS) abnormalities, (2) peripheral nerve dysfunction, 
and (3) abnormal nutritional blood flow in the affected 
area. 

Pain is an unpleasant sensory and emotional event 
associated with actual or impending cellular damage. In 



the absence of continued trauma, persistent pain is 
pathologic. The perception of pain involves the initiat- 
ing event, afferent information, efferent modulation, and 
CNS interpretation. Painful peripheral nociceptive ex- 
periences associated with cellular damage produce sec- 
ondary inflammation by the activation of pain receptors 
(Fig. 4.1). This information is relayed through afferent 
fibers to the dorsal horn of the spinal cord to higher 
cognitive centers. Nociceptive input is modulated via de- 
scending pathways. Conscious perception of the inten- 
sity of pain is related to the physiologic adaptations that 
modulate and balance afferent and efferent information 
(Fig. 4.2). Vasomotor disturbances may result from a 
variety of mechanisms. The presence of nociceptive- 
induced inappropriate transmitter-receptor activity can 
affect peripheral microcirculatory control, resulting in 
impaired nutritive flow.^^~^^ 

Most individuals who sustain an injury to the knee 
experience transient symptoms of hyperpathia (in- 
creased pain), allodynia (sensation of pain following a 
nonpainful stimulus), burning discomfort, vasomotor ab- 
normalities, and some degree of functional deficit. These 
symptoms generally subside as recovery progresses. The 
CRPS patient’s symptoms do not subside and often es- 
calate, leading to unremitting pain, vasospasm, edema, 
and immobility. Abnormal persistence of these re- 
sponses is pathologic and may result in permanent struc- 
tural, functional, anatomic, and physiologic changes in 
the extremity and CNS (Fig. 4.3). 

Perception 

CRPS, by definition, does not exist in the absence of 
pain. Pain requires cognitive recognition. Peripheral in- 
jury stimulates endogenous inflammatory mediators via 



Figure 4.1. Abnormal central ner- 
vous system modulation of afferent 
sensory stimuli may contribute to 
the development of a dystrophic re- 
sponse after an injury that produces 
a peripheral nociceptive focus or 
“trigger.” (From ref. 128, with per- 
mission.) 
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Ascending Descending 





Figure 4.2. Ascending and descending pathways in the spinal cord and brain. (From ref. 128, with permission.) 



nociceptive pathways. Repetitive trauma/injury may al- 
ter protective responses by producing earlier activation 
through sensitization. In addition to providing central in- 
put, local nociceptors initiate the direct release of pep- 
tides and neurotransmitters, control the inflammatory 
process, and promote tissue repair. 

Mediators/Receptor Control 

A variety of nonneurogenic and neurogenic mediators 
participate in the transmission of information inter- 
preted as pain.^^ The role of a-adrenergic receptors and 
local blood flow in SMP complex regional pain states is 
well documented, and relief of pain after intra- 



venous phentolamine, a nonspecific a-adrenergic re- 
ceptor antagonist, is considered pathognomonic for 
SMP. 36-38 Abnormal adrenoreceptor function and/or 
modulation in neural and vascular structures is the ma- 
jor common control pathway supporting the concept 
that CRPS is a “receptor disease. Pre- and post- 
synaptic receptors are involved and affect nociceptive 
foci, blood flow, nutritional perfusion, and peripheral 
nerve excitability.^^’^^’^"^’^^’^^’^^”^^ The potential patho- 
logic mechanisms involved in the compromise of 
extremity blood flow and neural control include (1) ab- 
normal neurotransmitter release secondary to nocicep- 
tive foci, (2) abnormal receptor distribution, and (3) al- 
terations in receptor sensitivity. 




Figure 4.3. Abnormal physiologic 
events following trauma are nor- 
mal; the majority of patients (solid 
line) recover spontaneously from 
the trauma. An abnormal prolonga- 
tion of intensity of these events and 
dystrophic pain of varying magni- 
tude and duration (broken lines) is 
pathologic. Irreversible changes 
may occur converting sympatheti- 
cally maintained pain to sympathet- 
ically independent pain. (From ref. 
128, with permission.) 
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Gate Theory 

Melzak and Wall"^^ were among the first to suggest that 
awareness of pain is subject to modulation within the 
substantia gelatinosa of the CNS. Their “gate control 
system” proposed that stimulation of large, myelinated 
afferent fibers “close the gate to pain,” while stimula- 
tion of small, unmyelinated peripheral fibers “open the 
gate,” and allow the subsequent sensation of pain. 
Wall"^^ has refined this theory, and emphasized the dif- 
ference between acute and chronic pain. The gate the- 
ory is an appropriate aid in the conceptualization of 
pain. It assumes that a finite amount of information can 
be received at the spinal cord or cortical level. The 
“gate” is the dorsal horn of the spinal cord. Thus, painful 
information displaced or modified by less noxious input 
cannot be processed through the gate. Although as yet 
unproven, certain general principles relating to pain pro- 
cessing can be conceptualized using this theorem. 

Acute Versus Chronic Pain 

Acute pain is initiated during tissue injury or destruction. 
The presence of acute pain may be beneficial or harm- 
ful. The beneficial effects of acute pain include mainte- 
nance of blood pressure, cardiac output, intravascular 
volume, and appropriate homeostasis. Acute pain warns 
the organism of danger, prevents inappropriate motion 
of an injured extremity, and may diminish additional 
harm from repetitive injury. Persistence of pain beyond 
the need for protective action is unpleasant and may in- 
duce hypertension, tachycardia, coagulopathy, hyper- 
glycemia, anxiety, fear, and chronic pain. Chronic pain 
that occurs in the absence of ongoing tissue destruction 
or that provides an inappropriate reflection of intensity, 
magnitude, and/or duration of tissue damage/compro- 
mise is pathologic. Although the pathophysiology of 
chronic pain is incompletely understood, the following 
processes can contribute to its establishment: persistent 
mechanical irritation of peripheral neural structures, in- 
complete regeneration of peripheral nerves, abnormal 
neurotransmitter activity, nutritional deprivation sec- 
ondary to abnormal arteriovenous shunting, and central 
imprinting. 

Following trauma or surgery, a transient period of ex- 
tremity dystrophy is normal. However, it is abnormal 
for hyperpathia, allodynia, vasomotor disturbances, and 
functional deficiencies to persist. Untreated, these con- 
ditions may progress to permanent compromise of the 
extremity. Posttraumatic alterations in extremity physi- 
ology follow a variable time course. Therefore, the ab- 
normal prolongation of these otherwise normal re- 
sponses is pathologic and, over time, irreversible 
changes in anatomic structures of physiologic processes 
may occur. CRPS may therefore be considered an ab- 
normally severe and/or prolonged manifestation of a 



normal postinjury response. Abnormally prolonged dy- 
strophic events may produce arthrofibrosis,^^’^^ cause 
excessive osteopenia, alter neuroreceptor f unc- 
tion, and/or result in central pain imprinting. 

The true pathogenesis of CRPS probably involves 
both peripheral and central mechanisms interacting to 
produce pain with unusual topography and chronicity. 
Unfortunately, little is known about the etiology of CRPS 
in the knee. Several investigators have observed that the 
syndrome is often associated with symptoms about 
the patellofemoral joint, and Lagier^^’"^^ and 
Lequesne and colleagues^^ have described roentgeno- 
graphic and bone scan evidence of patellofemoral in- 
volvement in patients with RSD of the knee. Despite 
these observations, the pathogenesis of dystrophy of the 
knee remains obscure. 



DIAGNOSIS 

The diagnosis of CRPS must be considered in any pa- 
tient with unexplained pain about the knee, especially 
if the patellofemoral joint appears to be involved. Be- 
cause no sensitive and specific test for CRPS is currently 
available, the diagnosis must depend on careful scrutiny 
of presenting symptoms, interpretation of objective tests 
against the background of the clinical presentation, and 
a high index of suspicion for the syndrome. 

Most patients have a history of either traumatic or 
surgical injury to the knee.^T9 associated with 

RSD is characteristic; burning sensations predominate, 
but complaints of aching or shooting pains are also com- 
mon. Limited range of motion and stiffness is invari- 
ably noted upon physical examination, along with 
difficulty bearing weight on the extremity. Palpation of 
the knee often reveals pain localized to the patella, the 
femoral condyles, or the patellofemoral articulation; the 
tibia is less often involved. 

Ficat and Hungerford"^^ described three different 
modes of onset: (1) The pain begins after trauma or 
surgery and is out of proportion to the inciting trauma. 
(2) The postinjury/postoperative course is normal but 
the predicted recovery does not occur. The pain con- 
tinues and may even increase, resulting in loss of range 
of motion. (3) The postinjury/postoperative course is as 
expected, and the patient makes a good recovery and 
may be symptom free. The pain then reappears with 
increasing morbidity. Tietjen^^ described three stages of 
RSD: (1) early, in which pain was the presenting com- 
plaint; (2) dystrophic, in which the classic discoloration 
and skin temperature changes are present; and (3) atro- 
phic, in which muscle atrophy and joint changes occur. 
He also noted that arthroscopic findings were normal. 

Laboratory studies are helpful only in distinguishing 
CRPS from infection, arthritis, and malignancies. Com- 
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plete blood count, chemistry profile, erythrocyte sedi- 
mentation rate, C-reactive protein, and rheumatoid tests 
are all normal in the dystrophic patient. 

Demographics 

Eighty percent of patients with CRPS diagnosed and 
treated within 1 year of injury improve significantly.^^’^^ 
However, 50% of patients with untreated symptoms 
lasting more than 1 year have profound residual im- 
pairment.^^ Although children and adolescents can de- 
velop CRPS, the majority of patients are between 30 
and 55 years of age, the median age being 45.^^"^^ 
CRPS specifically in the knee is not well documented. 
Cooper and DeLee^^ found in 1994 that of 224 cases 
of RSD of the knee noted in the literature review, 70% 
occurred in female patients with an average age of 38. 
In the general literature, women have been affected 
three times more frequently than men.^^ The incidence 
of cigarette smoking is higher in RSD patients, and cig- 
arette smoking is statistically linked to RSD.^^ Common 
nerve injuries associated with operative procedures that 
may precipitate RSD in the knee include injury to the 
infrapatellar branch of the saphenous nerve. 

Psychological Issues 

CRPS is not a psychogenic condition. Extensive reviews 
of the literature have not supported a psychological cau- 
sation^^"^^ or verifiable personality disorder. How- 
ever, chronic pain is known to play a role in psycho- 
logic well-being, with 58% of pain center admissions, 
regardless of etiology, fulfilling the criteria for personal- 
ity disorders. Dependent, passive-aggressive, and 
histrionic personality disorders are common in patients 
with chronic pain and are seen in patients with RSD.^^ 
Behavioral responses that reduce extremity use exacer- 
bate edema and atrophy.^^ 

DIAGNOSTIC TESTING 

A variety of objective tests are available to further de- 
fine the disease process: (1) pain threshold evaluation, 
(2) plain radiographs of the knee (anteroposterior [AP] 
and lateral of the knee, and Merchant view of the 
patella), (3) three-phase technetium bone scan (TcBS), 
(4) pharmacologic neural blockade, and (5) endurance 
testing. 

Pain Threshold Evaluation 

Utilization of specific standardized evaluations and/or 
tests provides reproducible and objective information with 
regard to pain-pressure thresholds. Rubber-tipped al- 
gometers,^^ dolorimetry,^^ monofilaments,^^’^^ com- 
puter-controlled stimuli,^^ or evaluations of thermal pain 
threshold^^’^^ may be used to provide a quantitative mea- 



sure of hyperpathia and/or allodynia. For example, pain 
perception from a 2.83 monofilament (normally not 
painful) in a specified area or dermatomal distribution de- 
fines the extent of allodynia. Success or failure of treat- 
ment can be assessed by repeated evaluations during 
treatment. Decreased pain from the same size or larger- 
diameter monofilament documents improvement; persis- 
tent pain from the same size or smaller-diameter monofil- 
ament suggests ineffective management. 

Radiographic Evaluation 

Radiographs of the knee made early in the course of 
RSD are uniformly normal. Lequesne and col- 
leagues^^ have described a diffuse and generalized os- 
teoporosis occurring about the knee a few weeks after 
the onset of symptoms. Genant and associates'^ de- 
scribed five roentgenographic patterns of resorption: ir- 
regular resorption of trabecular bone in the metaphysis, 
creating a patchy appearance; subperiosteal bone re- 
sorption; intracortical bone resorption; endosteal bone 
resorption; and surface erosions in subchondral and jux- 
tachondral bone. The articular margins are not affected, 
and once symptoms have improved the osteoporosis re- 
solves. This finding has been associated histiologically 
with active bone remodeling, and has been 
noted in other conditions besides RSD.^^ Tietjen^^ has 
stressed the importance of obtaining a skyline view of 
the patella because of its frequent involvement in the 
disease precess (Fig. 4.4). 




Figure 4.4. Plain roentgenogram of a patient with complex 
regional pain syndrome (CRPS) type I following arthroscopic 
knee surgery. There is diffuse osteopenia. (From ref. 128, with 
permission.) 
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Three-Phase Bone Scanning (Scintigraphy) 

Three-phase technetium 99m bone scanning (TcBS) is 
performed commonly^^ and has assumed a significant 
role in the diagnosis of CRPS. Increased periarticular 
uptake often is present in multiple joints of the affected 
extremity in patients with RSD of the knee.^’^^’^^ The 
first or “dynamic phase” of the bone scan lasts 2 to 3 
minutes and provides an assessment of perfusion. The 
second phase or “blood pool image/tissue phase” rep- 
resents total perfusion over a specified time (3 to 5 min- 
utes). The third phase, a standard bone scan, evaluates 
radiotracer uptake in bony structures. Scans have been 
considered positive if there is asymmetric flow in phase 
1, II, or III.^^ However, more recent reports suggest that 
the diagnostic yield of phase II alone equals the diag- 
nostic yield of the three-phase scan.^^’^^ Mackinnon and 
Holder^ ^ have observed that a phase III scan showing 
diffuse increased tracer uptake is diagnostic for CRPS. 

The increased technetium uptake is thought to reflect 
increased blood flow to the bone reflecting hyperemia 
and increased bone metabolism. The test has been re- 
peatedly shown to have excellent specificity for the pres- 
ence of RSD.^^’^^ However, recent studies of TcBS in 
both upper and lower extremities have suggested that 
the sensitivity of the test ranges from 44% to 60%^^’^^; 
the test is more likely to be positive in the later stages 
of RSD of the lower extremity. Tietjen^^ noted that 
two-thirds of the patients in his study had positive TcBS. 
Although TcBS is employed frequently, there is no ev- 
idence to support (1) its diagnostic accuracy, (2) the abil- 
ity of the scan to predict outcome, or (3) its value 
in determining management decisions. The 
presence of a positive phase III bone scan provides ob- 
jective corroboration for the clinical diagnosis of CRPS 
(Fig. 4.5). 

Isolated Cold Stress Testing/Laser 
Doppler Fluxmetry 

Autonomic regulation of blood flow is abnormal in pa- 
tients with CRPS, and peripheral pain is related, in part, 
to nutritional deprivation associated with arteriovenous 
shunting. The evaluations of cutaneous perfu- 
sion, thermoregulation, and nutritional flow before, 
during, and after stress provide both qualitative and 
quantitative physiologic data. The tests employed are 
noninvasive, reproducible, and sensitive. The 
importance of nutritional flow in the pathogenesis of 
CRPS is supported by the rapid diminution or elimina- 
tion of pain associated with the use of sympatholytic 
drugs or sympathetic blockade. Therefore, an assess- 
ment of total flow and of its components (thermoregu- 
latory and nutritional flow) provide important diagnos- 
tic information. 




Figure 4.5. Abnormal bone scan of a patient with CRPS type 
I demonstrating increased uptake throughout the knee. (From 
ref. 128, with permission.) 

Vasomotor and thermoregulatory flow may be eval- 
uated by monitoring temperature and laser Doppler flux 
during stress. Isolated cold stress testing with laser 
Doppler fluxmetry (ICST/LDF) assesses the dynamic 
sympathetic response of an extremity to changes in en- 
vironmental temperature.^^ Nutritional flow may be as- 
sessed directly by vital capillaroscopy in the digits. 
Quantitative analysis of thermoregulatory and nutritional 
flow characteristics allows physiologic staging of auto- 
nomic-sympathetic control and provides a mechanism 
for monitoring the effects of specific interventions (Fig. 
4.6). 

Patents with CRPS of the knee demonstrate asym- 
metric responses in both temperature curves and LDF 
of the feet. The test appears to be sensitive to vaso- 
motor disturbances, which occur in 80% to 90% of 
CRPS patients^^’^^; however, the specificity of the test 
for CRPS is poor, and its diagnostic value has not been 
examined in a prospective arena. ICST/LDF may pro- 
vide a mechanism for monitoring the effects and veri- 
fying the physiologic efficacy of specific interventions 
(Fig. 4.7). 

Diagnostic Sympathetic Blockade 

Several investigators have suggested that lumbar sym- 
pathetic blockade should be used to establish the diag- 
nosis of CRPS. Patman and colleagues have stated 
that relief of pain following sympathetic blockade was 
the most important diagnostic criterion in the evalua- 
tion of RSD. Others have emphasized that failure to re- 
lieve pain with a sympathetic block suggests that the pa- 
tient does not have RSD.^^’"^^’"^^ The test also has 
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Figure 4.6. Digital microvascular physiology can be evaluated using an isolated cold stress test combining digital temperature 
and laser Doppler fluxmetry measurements. Digital temperatures are monitored with thermistors attached to each digit of both 
extremities. Microvascular cutaneous perfusion is assessed with a laser Doppler probe attached to one digit of each extremity. 
Digital temperature and laser Doppler fluxmetry measurements are sampled using custom computer software, and the results 
of the test are plotted for analysis. (From ref. 128, with permission.) 



prognostic value because the amount of pain relief pro- 
duced by the block has been reported to correlate with 
improvement following sympathectomy. 

Endurance Testing 

Endurance testing is an extremely effective means of 
documenting functional deficits. Patients are 

tested with the Cybex II isokinetic dynamometer and are 
evaluated for strength, power, and endurance in both 
the affected and normal extremities; comparisons be- 
tween the two sides then are made. Ogilvie-Harris and 
Roscoe^^ have reported that deficits are most apparent 
in endurance testing. The test is difficult to falsify and 
provides quantitative information about functional im- 
pairment in the knee. 



AUTHORS’ APPROACH (DIAGNOSIS) 

Successful treatment of CRPS is influenced by the ra- 
pidity of diagnosis and treatment. Early recognition of 
this syndrome is crucial to the overall prognosis for re- 
covery. A dystrophic process should be considered in any 
patient experiencing pain that is out of proportion to the 
traumatic or surgical insult. In the postoperative period, 
painful and excessive swelling combined with vasocon- 
striction or vasodilation suggest CRPS. The diagnosis is 
clinical, and symptoms must include pain, trophic change, 
autonomic dysfunction, and functional deficit. If the di- 
agnosis is suspected, instruments to quantitate pain (e.g., 
the McGill Pain Questionnaire and Visual Analog Scale), 
overall symptoms, and function are administered."^^ Ob- 
jective measures of hyperpathia/allodynia can be under- 
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Figure 4.7. Laser Doppler fluxmetry in a patient with clinical CRPS type I, before and after sympathetic blockade. Baseline tem- 
peratures and laser Doppler measurements were taken for 5 minutes. For the cooling phase, the feet were inserted into the re- 
frigeration unit for 5 minutes. Following cooling, the feet were removed from the unit and were allowed to rewarm at room 
temperature. Following the sympathetic block, digital temperatures were increased markedly during all phases of the testing pro- 
cedure. The amplitude of laser Doppler flux was increased after the block confirming modulation of sympathetic input. (From 
ref. 128, with permission.) 



taken using monofilaments. Edema is estimated or mea- 
sured by volumetric analysis. The use of standard instru- 
ments, appropriate questionnaires, and reproducible ob- 
jective tests assists in confirming the diagnosis and aids 
in monitoring the efficacy of interventions. 

Three-phase bone scan (TPBS) can provide confir- 
mative information when combined with clinical signs 
and symptoms. Intravenous phentolamine, stellate gan- 
glion blocks, epidural injections, or somatic nerve blocks 
can be used to verify the presence of SMP and to pre- 
dict overall efficacy of oral sympatholytic drugs. 

TREATMENT 

Effective treatment for CRPS of the knee requires 
both diligence and patience from both the patient and 



physician. No treatment has proven to be consistently 
effective in alleviating pain and restoring function, and 
multiple therapeutic modalities often are required to pro- 
mote improvement. 

Early treatment has been shown to be the most im- 
portant factor influencing clinical improvement. Nu- 
merous studies have shown that patients treated within 
6 to 12 months after the onset of dystrophic symptoms 
have much better pain relief and functional improve- 
ment than those with symptoms of longer dura- 
tion. This observation has also been made 

in the treatment of dystrophy affecting other areas of 
the body.^^ 

Most treatments are directed toward decreasing the 
sympathetic hyperactivity characteristic of CRPS. The 
therapeutic modalities that have proven effective include 
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(1) physical therapy, (2) various oral medications, (3) 
pharmacologic sympathetic blockade, (4) surgical or 
chemical sympathectomy, and (5) various adjuvant ther- 
apies. 

Therapy and Adaptive Modalities 

Active and active-assisted range-of-motion exercises are 
begun immediately after the diagnosis of CRPS has been 
made in order to prevent atrophy and stiffness in the 
knee. Tietjen^^ has emphasized that extreme gentleness 
and patient cooperation are necessary to effect im- 
provement. 

Patients unable to tolerate physical therapy are asked 
to perform standing stress therapy. The patient bears 
small amounts of weight on the affected extremity for 
short periods of time during the day while keeping a log 
of the amount of time tolerated and the amount of pain 
experienced. Progress is often slow, but this regimen al- 
lows the achievement of limited goals while applying 
some physiologic loading to the knee. 

Pharmacologic Interventions (Oral) 

A variety of oral, topical, and parenteral pharmacologic 
interventions are used to treat CRPS. Theoretical mech- 
anisms of drugs that control pain associated with dys- 
trophic or causalgic responses include membrane stabi- 
lization, competitive inhibition of neurotransmitters, 
receptor blockade, blockade of end-organ effects, de- 
sensitization of central pain-signaling neurons, and 
blockade of sympathetic-somatic coupling. Few of the 
drugs used in the management of CRPS are listed for 
pain management in the package insert approved by 
the Food and Drug Administration. Their usage is based 
on largely empiric data and an assessment of risk/ 
benefit. Prior to utilizing the drugs discussed in this chap- 
ter, each practitioner should be familiar with the phar- 
macology, side effects, potential complications, indica- 
tions, and contraindications for each compound. 

Antidepressants 

Antidepressants are used frequently in the management 
of chronic pain. They were originally used to relieve 
posttraumatic depression; however, they also provide 
analgesia and modulate sympathetic hyperactivity in the 
peripheral and central nervous systems. Medica- 

tions frequently used in CRPS include tricyclic antide- 
pressants, atypical antidepressants, and selective sero- 
tonin reuptake inhibitors. 

Tricyclic antidepressants, the most common agents 
employed in the treatment of CRPS, are useful in treat- 
ing the “burning “ pain. The drug decreases sympathetic 
outflow by blocking postganglionic reuptake of norepi- 
nephrine, by reducing the synthesis and release of nor- 



epinephrine, and by downregulating presynaptic alpha 

and serotonergic receptors. ^^^T08,109 of these 

drugs produces a different receptor affinity and accounts 
for the differences noted clinically. Therefore, one an- 
tidepressant may prove efficacious in one patient and 
not in another. The most commonly used tricyclic anti- 
depressants include amitriptyline (Elavil), nortriptyline 
(Pamelar), and doxepin (Sinequan). 

A dosage of amitriptylene 25 to 50 mg taken at bed- 
time is often effective, and may be adjusted as neces- 
sary. Amitriptyline may be used in conjunction with 
other agents except guanethidine.^^ 

Drug selection should be individualized to reduce the 
potential for side effects. The most common side effects 
are anticholinergic, cardiovascular, and CNS, and may 
cause racing heart, insomnia, weight gain, sedation, and 
hypotension. Long-term treatment is tolerated, and 
abrupt discontinuation should be avoided because of the 
potential for side effects. Chronic treatment requires 
physician monitoring. 

Trazodone (Desyrel), an atypical antidepressant, can 
be used to treat CRPS. It preferentially blocks the re- 
uptake of serotonin and binding to adrenergic recep- 
tors. Once per day dosing is possible; however, the 
side effects (tremor, hypertension, bradycardia, dizzi- 
ness, and sedation) are often difficult to tolerate. 

The use of serotonin reuptake inhibitors, second- 
generation antidepressants, to treat CRPS has increased 
significantly over the past decade. The drugs include 
fluvoxamine (Luvox), paroxetine (Paxil), fluoxetine 
(Prozac), and sertraline (Zoloft). These drugs bind pref- 
erentially to the presynaptic serotonin carrier in the CNS 
and inhibit serotonin reuptake. Side effects (tremors, 
weight loss, sexual dysfunction, insomnia, anxiety, 
anorexia, and nausea) may require several weeks to di- 
minish. Selective serotonin reuptake inhibitors are 
commonly used synergistically with low-dose tricyclic an- 
tidepressants. 108, 1 10, 1 1 1 

Anticonvulsants 

Anticonvulsants were first used to treat hyperpathic 
pain. ^^^413 Jhey are thought to suppress ectopic dis- 
charge in the peripheral and CNS neurons^ and have 
proven very effective in reducing “shooting” or “stab- 
bing” pain in patients with posttraumatic neuralgia. 
The drugs most commonly used to treat CRPS include 
phenytoin (Dilantin), carbemazepine (Tegretol), valproic 
acid (Depekene), gabapentine (Neurontin), clonazepam, 
and sodium valproate. 

Adrenergic Compounds 

Alpha receptor blockade produces arterial vasodilation 
and may facilitate more normal modulation of afferent 
signals to the CNS. ^^^416 These drugs have been re- 
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ported to be effective in the treatment of patients with 
causalgia; their efficacy in patients with CRPS of the 
knee is unknown. 

Corticosteroids 

Corticosteroids have been used by a number of investi- 
gators to treat CRPS with good success. Typical 
dosages range from 60 to 80 mg daily for 2 weeks, fol- 
lowed by a tapering dosage over another 2-week pe- 
riod. The regimen may be repeated if symptoms recur; 
reported side effects are rare.^^^ 

Calcium Channel Blockers 

Calcium channel blockers have been shown to improve 
symptoms in patients with CRPS. Nifedipine has been 
shown to improve nutritional blood flow^^ and has been 
used to treat lower extremity dystrophy with good suc- 
cess. Although the mechanism of action of cal- 

cium channel blockers is unclear in the treatment of 
CRPS, they decrease sympathetic tone by preventing 
calcium release following stimulation of adrenergic re- 
ceptors. This effectively blocks adrenergic agents and 
leads to vasodilation. Nifedipine (Adalat, Procardia) and 
amlodipine (Norvasc) are the most commonly employed 
drugs. Use of these drugs results in decreased pain 
and may correlate with increased nutritional perfu- 
sion. Nifedipine may be taken in 10- to 20-mg 
increments three times daily, or once daily in a 30-mg 
sustained-release preparation. 

PHARMACOLIGIC INTERVENTIONS 
(PARENTERAL) 

Pharmacologic Sympathetic Blockade 

Three types of pharmacologic sympathetic blockade are 
available to reduce the elevated sympathetic tone asso- 
ciated with CRPS: (1) intravenous regional blockade, (2) 
lumbar sympathetic ganglia blockade, and (3) continu- 
ous blockade using epidural anesthesia. 

Hannington-Kiff^22 has described excellent results us- 
ing intravenous guanethidine administered under condi- 
tions similar to Bier block anesthesia. Because the drug 
displaces norepinephrine in presynaptic vesicles, it 
should not be used with amitriptyline, which would in- 
hibit uptake of the drug into the terminal neuron. Pain 
relief typically lasts 12 to 36 hours, but may last as long 
as 6 months. This technique may serve both diag- 
nostic and therapeutic functions in the evaluation of 
CRPS.^^^ A randomized, double-blind comparison of in- 
travenous guanethidine, reserpine, and normal saline 
demonstrated significant and equal improvement with 
all three at 30 minutes and no differences in outcome 



at 24 hours. Tourniquet-induced analgesia may be in- 
volved in the short-term pain relief observed using the 
Hannington-Kiff protocol. 

Bretylium tosylate (Bretylol) is the only drug approved 
by the Food and Drug Administration as an intravenous 
competitive blocking agent. It produces a transient re- 
lease of norepinephrine from postganglionic sympa- 
thetic nerve endings, followed by prevention of the re- 
lease of norepinephrine. ^^T25, 126 cases, lasting 

relief may be obtained following a single intravenous in- 
fusion of a sympatholytic drug. 

Blockade of lumbar sympathetic ganglia is the most 
widely recognized treatment for patients with refractory 
CRPS. Blocks are generally performed with small vol- 
umes of long-acting anesthetic agents and are usually 
well tolerated. Katz and Hungerford^^ reported good 
relief of pain in 58% of patients who underwent lum- 
bar sympathetic blockade; the remaining 42% had fair 
relief. However, 89% of patients had recurrence of 
symptoms. The duration of reduced pain has been re- 
ported to outlast the duration of action of the anesthetic 
agent, especially if the block is performed shortly after 

symptoms occur. 

A series of 14 patients with CRPS of the knee were 
treated with epidural block anesthesia followed by 
epidural narcotics. All patients underwent physical 
therapy and continuous passive motion of the knee dur- 
ing hospitalization, and all patents were treated shortly 
after the onset of symptoms. With over 2 years of fol- 
low-up, 11 patients were cured with no functional deficit. 
Two patients had intermittent aching, and one had no 
relief of symptoms. This therapeutic technique holds 
promise for total alleviation of symptoms in patients with 
CRPS which is recognized and treated promptly. 

SURGICAL OR CHEMICAL 
SYMPATHECTOMY 

Surgical or chemical ablation of the lumbar sympathetic 
ganglion is generally reserved for patients who have ex- 
perienced only transient relief from intravenous or sym- 
pathetic ganglion blockade. Many patients experience 
good pain relief initially, but recurrence of pain may oc- 
cur in as many as one-third of patients. Katz and 
Hungerford^^ noted that in their patents who had sym- 
pathectomies, the amount of pain relief provided by the 
surgery could be predicted by the amount obtained tran- 
siently with a sympathetic block. 

ADJUVANT THERAPIES 

Numerous other modalities have been suggested in the 
treatment of CRPS. Contrast baths and nonsteroidal an- 




4: Reflex Sympathetic Dystrophy 33 



tiinflammatory agents have been used with good suc- 
cess during courses of physical therapy. Others have 
described the benefits of electrical nerve stimulation in 
patients with causalgia.^^’^^^ Biofeedback, occupational 
therapy, and psychiatric testing may aid in pain relief 
while providing emotional and psychological support. 
Many of these modalities may be used in conjunction 
with other treatments. 

Tietjen^^ has stressed that the most important ther- 
apy that can be offered the patient with dystrophy of 
the knee is the establishment of a good doctor-patient 
relationship. Patients will be frustrated by the chronic 
pain and functional loss associated with CRPS, and will 
require patience, understanding, and encouragement 
from physicians, nurses, and therapists to become mo- 
tivated to work toward improvement. 

AUTHORS’ APPROACH TO TREATMENT 

It is important to reassure the patient that CRPS is a 
real problem, and not psychosomatic. Explain the nat- 
ural history of CRPS: 18 to 24 months may pass be- 
fore some improvement occurs, and patients may al- 
ways experience some problems. It is important for 
patients to know that they should expect 30% to 50% 
improvement in symptoms, not 100%. Only rarely does 
CRPS completely resolve. Combinations of medication 
work better than individual drugs alone (tricyclic antide- 
pressant with a serotonin reuptake inhibitor). Finally, pa- 
tients need to keep as active as possible. The good news 
is that patients are usually better 5 years after the on- 
set of CRPS than they were at 2 years. 

The use of drugs can often break the CRPS cycle so 
that it may not reestablish itself. Start with Elavil 10 mg 
once at night (qhs), and Zoloft 25 mg each morning 
(qam). Recheck in 2 weeks. If the patient is not sleep- 
ing well or continues to have burning pain, then increase 
Elavil to 25 mg. The dosage of Elavil may be increased 
up to 100 mg/day until the patient experiences relief 
or side effects become intolerable. Zoloft’s major side 
effect is a hyperactive nervous system. If the patient is 
tolerating the medication without relief of chronic ache 
during the day, then gradually increase the medication 
to 100 mg/day. Remember that every patient reponds 
differently to each of the recommended medications. 
You may need to change medications dependent on ef- 
ficacy and side effects encountered. 

CONCLUSION 

The pathophysiologic entity known as complex regional 
pain syndrome (CRPS) includes classic reflex sympa- 
thetic dystrophy (RSD) and causalgia. RSD of the knee 



is a complication that often follows surgical or traumatic 
insult to the knee. The diagnosis is based on clinical 
findings and is defined as an exaggerated physiologic 
response to an injury, and may be characterized by (1) 
intense or unduly prolonged pain; (2) vasomotor distur- 
bances; (3) delayed functional recovery; and (4) trophic 
changes in the soft tissues, which may be supported by 
a variety of objective instruments and tests.. The pain 
often involves the patellofemoral articulation and pro- 
duces limited range of motion and stiffness in the knee. 
No objective testing technique is currently available that 
provides sensitivity and specificity in the identification 
of dystrophic patients. However, plain x-rays, bone 
scans, and ICST/LDF may aid in the diagnostic evalu- 
ation of the patient with chronic knee pain. Effective 
treatment of CRPS is multifaceted, and requires prompt 
recognition of the syndrome. The use of a combination 
of modalities designed to maintain lower-extremity 
strength and range of motion while decreasing symp- 
toms of sympathetic hyperactivity in the extremity is 
recommended. 
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Chapter 5 



COMPUCATIONS OF ARTHROSCOPIC MENISCECTOMY 



John B. Ryan and Thomas M. DeBerardino 



MENISCAL STRUCTURE AND FUNCTION 

The menisci of the knee are semi-circular wedge-shaped 
fibrocartilagenous disks firmly attached to the tibia and 
the joint capsule (Fig. 5.1). The medial meniscus is wider 
posteriorly than anteriorly and forms a half circle. The 
lateral meniscus is uniform in width and forms almost 
three-quarters of a circle. The medial meniscus is at- 
tached to the capsule, medial collateral ligament, and 
tibial plateau. The lateral meniscus is attached to the 
capsule and tibial plateau but not to the fibular collat- 
eral ligament. The lateral meniscus also has posterior 
attachments to the medial femoral condyle (meniscal 
femoral ligaments), which attaches to the femur near 
the origin of the posterior cruciate ligament. The 
popliteal tendon courses through the popliteal hiatus at 
the posterolateral corner of the knee. The anteroinfe- 
rior popliteomeniscal fascicle, and the posterosuperior 
popliteomeniscal fascicle attachments to help provide 
stability to the posterior corner.^ With knee motion both 
menisci translate on the tibial plateau, but the lateral 
meniscus is more mobile than the medial. The or- 
ganic composition of the meniscus is 65% type I colla- 
gen. The majority of the collagen fibers are oriented 
along the long axis of the meniscus (i.e., following the 
natural curve) with a small number of fibers oriented 
obliquely, radially, and vertically (Fig. 5.2).^ The pe- 
ripheral 10% to 30% of the meniscal tissue is vascular- 
ized by synovial branches of the genicular arteries (Fig. 
5.3).^ The central 70% to 90% is nourished by diffu- 
sion from synovial fluid. 

In 1985 Soren® described the etiology of congeni- 
tally malformed menisci. Dissections of various verte- 
brates revealed menisci shaped like a plate, disk, or ring. 
Lateral menisci have been described in two cases with 



one meniscus overlying another (double-layered).^ An- 
other lateral meniscal variant is the ring meniscus (mak- 
ing a complete circle). This ring meniscus has an inter- 
condylar bridge between the two horns attached to 
the tibial plateau differentiating it from an old bucket- 
handle tear.^^Ti Hypoplastic menisci have been de- 
scribed both medially and laterally; discoid menisci are 
more frequent laterally (n = 29) than medially (n = 1) in 
symptomatic patients. Three types of lateral discoid 
menisci are described by Ikeuchi: complete, incomplete, 
and Wrisberg type.^^ 

Functionally, the menisci increase the surface area of 
the knee by filling the void between the curved femoral 
surface and the flat tibial surface, thereby decreasing the 
force per unit area on the femur and the tibia with ax- 
ial load.^"^ Renstrom and Johnson^^ demonstrated that 
the knee meniscus tissue acts as a stabilizing shock ab- 
sorber force as axial loading causes the elongation of 
the circumferential meniscal collagen fibers and allows 
some extruding of the edges of the menisci out from 
underneath the joint surfaces peripherally (tensile strain). 
This hoop or tensile stress reduces the impulse loading 
of weight bearing, sparing the articular cartilage and the 
subchondral bone. The menisci also aid in the lubrica- 
tion of the knee by extruding free fluid and by distrib- 
uting synovial fluid over the distal femur with knee mo- 
tion.^ Meniscal tissue has been shown to stabilize the 
knee in the anterior, posterior, and medial/lateral planes 
by acting as a mechanical stop to translation. However, 
this finding appears to become significant only when 
the major stabilizing ligaments of the knee have been 
injured. Biomechanical studies have demonstrated 
that 50% (knee in extension) to 90% (knee in flexion) 
of the compression forces across the knee are trans- 
mitted through the normal menisci. When the knee is 
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Figure 5.1. The menisci of the 
knee are semicircular wedge-shaped 
fibrocartilaginous disks firmly at- 
tached to the tibia and the joint 
capsule. 
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in 70 degrees of flexion, 100% of the load is transmit- 
ted through the posterior horn of the menisci. 

MENISCAL TEARS 

When compression or shear forces exceed the structural 
design of the meniscus, clefts are created along natu- 
rally occurring planes between bundles of collagen 
fibers. Some clefts are along the circumferential fibers 
of the menisci, causing vertical longitudinal tears while 
others are obtained at right angles causing radial or hor- 
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izontal tears (Fig. 5.4). Chronic instability of the knee 
due to cruciate or collateral ligamentous laxity can al- 
low the menisci to migrate underneath the femoral 
condyle in a physiologically abnormal position, increas- 
ing the risk of tears. Acute anterior cruciate ligament 
(ACL) tears are associated with a high incidence of lat- 
eral meniscus tears; however, chronic ACL instability is 
associated more with medial meniscus tears. Oc- 
casionally, meniscal tears can occur at the capsular lig- 
amentous junction rather than in the substance of the 
meniscus. In contrast to the intersubstance tears, these 
capsular meniscal tears are associated with spontaneous 
healing because of the close proximity of an adequate 
blood supply and the intensity of the inflammatory re- 
sponse. 

Normal aging is associated with texture changes in 
the meniscus from firm and resilient to hard and brittle. 
Histologic studies have demonstrated color changes 
from normal white or opaque to yellow or brown, in- 
dicative of degeneration of meniscal tissue. Occa- 
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Figure 5.2. The majority of the collagen fibers are oriented 
along the long axis of the meniscus (i.e., following the natural 
curve), with a small number of fibers oriented obliquely, ra- 
dially, and vertically. 



Figure 5.3. The peripheral 10% to 30% of the meniscal tis- 
sues is vascularized by synovial branches of the genicular ar- 
teries. 
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Figure 5.4. Three types of lateral discoid menisci are described 
by Wantanabe: complete, incomplete, and Wrisberg type. 

sionally, crystals (calcium pyrophosphate dihydrate 
[CPPD], uric acid) may precipitate on the surface and 
create a crust over the meniscus. These aging changes 
may be associated with fraying of the free meniscal edge, 
hydroxyapatite in the peripheral synovial blood vessels, 
and eosinophilic necrosis of collagen within the sub- 
stance of the meniscus. Older subjects have nonho- 
mogeneous areas within the substance of the meniscus 
that correlate to altered magnetic resonance imaging 
(MRI) signals and can be correlated with biopsy-proven 
degeneration. These structurally altered menisci are in- 
ferior and do not absorb compressive loads as effec- 
tively. Necropsy studies indicate that the fibrocartilage 
of the adult meniscus is susceptible to a focal process 
of matrix fraying and splitting. These degenerative 
meniscal changes are not associated with increased risk 
of causing degenerative arthrosis of the hyaline cartilage 
of the knee.^^"^^ 

Meniscal healing occurs by fibrin clot and scaffold for- 
mation, invasion by undifferentiated mesenchymal cells, 
and maturation of this fibrovascular scar into fibrocarti- 
lage. The vascular portion of the meniscus is capable of 
this fibroangioblastic response: however, isolated menis- 
cal tears in the central 70% to 90% rarely heal because 
there is inadequate vascular supply to support this 



process. Some meniscal tears associated with acute ACL 
injuries have been shown to completely or partially heal, 
most likely due to the hemarthrosis associated with cru- 
ciate ligament injuries. Many small meniscal tears 
that are stable are asymptomatic. Stable tears include 
radial tears less than 3 mm in length, partial-thickness 
tears (less than 50% of vertical height), and horizontal 
and vertical tears less than 1 cm that do not allow the 
meniscus tissue to herniate into the central portion of 
the joint.^^ 

Clinically significant tears are most frequently associ- 
ated with mechanical catching or locking, recurrent ef- 
fusions, and localized joint-line pain. Locking with an 
inability to extend after rising from a crouched position 
is suggestive of a flap or bucket-handle tear. On physi- 
cal examination, joint-line tenderness is present between 
77% and 86% of the time with symptomatic tears. A 
meniscal tear is found only 58% of the time when there 
is a positive McMurray’s test.^^’^^ Congenital abnormal 
discoid meniscal tissue is treated only if the clinical symp- 
toms correlate with a pathologic process (tear, menis- 
cal instability, or impingement). 

ARTHROSCOPIC MENISCECTOMY 

Meniscectomy was first reported in 1866 by Brad Hurst 
of St. George’s Hospital, London. Though many au- 
thors professed total meniscectomy to be a benign pro- 
cedure, Fairbanks^^ described the degenerative radi- 
ographic changes present following total meniscectomy. 
Initially, total meniscectomy was the treatment of choice, 
and unfortunately as many as 10% of the excised 
menisci were found to be normal. The effect of any 
meniscectomy is a decrease in the tibiofemoral condyle 
contact areas and an increase in contact stresses, caus- 
ing higher forces concentrated on a smaller area.^^ 
Contact stress increases directly with progression from 
partial to total meniscectomy. Animal studies have 
demonstrated degenerative changes directly propor- 
tional to the percent of meniscus resected. Certain ar- 
eas of the menisci are critical. Resection of 75% to 80% 
of the posterior horn of the medial meniscus (one-third 
of the meniscus) is associated with contact stresses that 
are close to those of a total meniscectomy. 

The use of diagnostic arthroscopy prior to open par- 
tial or complete meniscectomy allowed a more accurate 
and thorough diagnosis, almost totally eliminating the 
removal of normal menisci. Additionally, this diag- 
nostic procedure increased selective partial open menis- 
cectomy. As instrumentation improved and surgical ex- 
perience increased, arthroscopic partial or complete 
meniscectomies became common. Watanabe first de- 
scribed arthroscopic meniscectomy in 1962. O’Connor 
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popularized this technique in the United States in the 
1970s. As reported by DeHaven,^^ Gillquist et 
and Newman et al^^ the ideal arthroscopic meniscec- 
tomy excises the unstable fragment, leaving behind a 
residual meniscus rim that is intact, stable, and reason- 
ably contoured. 

Outcome evaluation of patients demonstrates good 
function whether the procedure is performed open or 
arthroscopically as long as meniscal resection is mini- 
mized and a firm rim of peripheral tissue remains. 
Arthritic changes seen on radiographs are more com- 
mon in subtotal or complete meniscectomies, when ini- 
tial surgery is performed after age 30, and in medial 
partial meniscectomies with preexisting malalignment 
(less than 4 degrees of valgus and greater than 10 de- 
grees of varus). In athletes, lateral partial menis- 
cectomy results in more abnormal radiographs over time 
than does medial meniscectomy.^^’^^ 



ADEQUATE ARTHROSCOPIC 
MENISCECTOMY 

An arthroscopic meniscectomy is performed only after 
an adequate diagnostic arthroscopy identifies all patho- 
logic problems intraarticularly.^^’^^’^^ The meniscus tear 
should then be defined visually and the extent of the 
tear palpated with an arthroscopic probe. A 30-degree 
arthroscope usually allows for a complete exam. A 70- 
degree arthroscope should always be available, espe- 
cially if the red/red junction is difficult to visualize. The 
posterior compartment is best visualized through the 
notch. Here again, a 70-degree scope provides a more 
complete view around the posterior horns of both 
menisci. Vertical horizontal tears less than 7 mm and 
radial tears less than 5 mm do not require resec- 
tion. Partial tears, especially under surface tears, 
should be palpated firmly from above to ensure that the 
meniscus does not extrude into the joint, acting as a 
source of catching. When a flap tear is identified, addi- 
tional time should be taken to palpate both the supe- 
rior and inferior surface of the remaining meniscus to 
ensure that there are no remaining flaps that represent 
a portion of a bucket-handle tear that has been tran- 
sected. The location of the tear (anterior one-third, mid- 
dle one-third, posterior one-third) and the distance from 
the capsular attachment (peripheral one-third, middle 
one-third, inner one-third) should be documented. A de- 
cision to perform either a partial or total meniscectomy 
is based on the extent of the damage and the location 
of the tear.^'^’^^’'^^’^^ The vast majority of the tears can 
be treated with partial meniscectomy (Fig. 5.5). Only 
when the peripheral fibers of the meniscus are violated 
in such a way as to completely destroy the hoop stress 
is a total meniscectomy indicated (Fig. After 




Figure 5.5. Some of the clefts created when compression or 
shear forces exceed the structural design of the meniscus are 
along the circumferential fibers of the menisci, causing verti- 
cal longitudinal tears, while others are oriented at right an- 
gles, causing radial or horizontal tears. 




Figure 5.6. Menisci are described by type and location. The 
dashed lines indicate the planned resection. Note: The tear ex- 
tends along and past the capsular attachment of the meniscus 
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the meniscus tear has been partially or totally excised, 
the joint surface, synovium, and ligamentous structures 
should be reevaluated. Partial-thickness chondral lesions 
require no treatment. Full-thickness chondral lesions 
may be treated by abrasion, abrasion and drilling, micro- 
fracture, bone grafting, or osteochondral transplant. Ex- 
cessive synovial tissue should be debrided to avoid im- 
pingement. Postoperative ambulation status and use of 
crutches is predicated on the extent of the procedure 
performed interarticularly. Meniscal tears or instability 
in congenitally abnormal menisci (discoid, ring, double- 
layered, hypoplastic) are treated by partial meniscec- 
tomy, reconturing the meniscal rim to normal physio- 
logic width, and reattachment of Wisberg-type discoid 
menisci to the capsule. 

COMPLICATIONS OF 
ARTHROSCOPIC MENISCECTOMY 

Complications in arthroscopic meniscectomy can be cat- 
egorized into either errors of judgment or technique. Er- 
rors of judgment are poor clinical decisions (issues of 
commission and omission) that can affect the short- and 
long-term outcome of patient care. Judgment errors in- 
clude failure to perform a comprehensive diagnostic 
evaluation preoperatively and operatively, failure to ad- 
equately educate the patient, and failure to recognize 
the limitations of the surgeon’s abilities. Technical er- 
rors are violations of standard operative procedures, usu- 
ally require immediate corrective action and are fre- 
quently preventable by instituting checks and balances. 
Errors in technique include retained meniscal tissue, ia- 
trogenic damage, broken instruments, formation of por- 
tal fistula, complications of treatment of discoid menis- 
cus, and complications of total meniscectomy. 

FAILURE OF DIAGNOSTIC AND 
THERAPEUTIC ACUMEN 

Preoperatively the orthopedist should take a thorough 
history and perform a physical examination along with 
appropriate diagnostic studies."^^’^^’^^ Decreased range 
of motion, synovitis, or significant joint line narrowing 
will herald difficulty during routine arthroscopic proce- 
dures in passing instruments and visualization of under- 
lying pathology. Limited range of motion and x-ray ev- 
idence of osteopenia should alert the orthopedist that 
excessive valgus or varus stress may be associated with 
iatrogenic ligamentous rupture. The presence of loose 
bodies, the condition of synovium and articular carti- 
lage, and the ligamentous stability of the knee all affect 
the outcome of the simple arthroscopic meniscectomy. 
When the decision is made to excise the damaged menis- 
cus DeHaven,^"^ Gillquist et al,"^^ Newman et al,^^ and 



others agree that the goals are to resect the torn por- 
tion that is herniating into the central part of the joint, 
to balance the rim to avoid catching, and to preserve 
of the capsular attachments of the meniscus. 



INADEQUATE PATIENT EDUCATION 

The initial part of an uneventful meniscectomy and suc- 
cessful surgical outcome is patient education. The physi- 
cian must understand the patient’s expectations and the 
ultimate planned activity level. Frequently, this level of 
activity exceeds the potential of even the most gifted 
surgeons. This education process continues following 
the procedure. The extent of the tear and the extent of 
nonmeniscal pathology in the knee must be explained 
to the patient in such a way that postoperatively ap- 
propriate attention is paid to strengthening and reestab- 
lishing the correct level of activity for the best long-term 
results. In a follow-up study, Rockburn and Gillquist^^ 
demonstrated radiographic signs of arthrosis four times 
more often in knees with partial menisectomies and 
seven times more often in knees after subtotal menis- 
cectomies as compared to controls. Burks et al^^ have 
shown in a 15-year follow-up of arthroscopic partial 
meniscectomy patients that there were 88% good and 
excellent results in ACL stable knees. In the process of 
educating the patient preoperatively and postopera- 
tively, the physician may discover that the patient has 
litigation factors that may negatively affect the outcome 
of care and the procedure. 



KNOWING YOUR SURGICAL ABILITY 

Arthroscopic meniscectomies should not be an un- 
pleasant experience for the patient and the surgeon. 
This procedure should be performed in one tourniquet 
time (usually less than 60 minutes, but most definitely 
less than 120 minutes). Surgeons should not attempt 
knee arthroscopy unless they are prepared to perform 
an arthrotomy to finish difficult cases. Complete ar- 
throscopic diagnosis requires a working knowledge of 
all anterior and posterior portals (Fig. 5.7).^^"^^ If there 
is long-standing varus alignment, medial capsule con- 
striction, or ACL ligamentous damage, valgus stress 
might not open the joint adequately to pass instruments. 
If the area of the meniscal pathology cannot be reached 
easily with a spinal needle, it is unlikely that a surgical 
instrument can be passed interarticularly without signif- 
icant damage to the joint cartilage. Gradual application 
of valgus or varus stress held for a prolonged period of 
time will take advantage of viscoelastic properties of the 
ligamentous and capsule structures, resulting in im- 
proved visualization. Repositioning of the extremity in 
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Figure 5.7. Location of all anterior 
and posterior portals. 
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the leg holder may increase the mechanical force, al- 
lowing for better visualization of the knee. Debride all 
obstructing soft tissue including the attachment of the 
ligamentous mucosum prior to operative excision. As 
the art of arthroscopy is learned, the operative surgeon 
should not look upon arthrotomy and “old-fashioned” 
open partial meniscectomy as a failure in capability. The 
“never give up” attitude of athletic competition should 
not be applied blindly to arthroscopy. Increased surgi- 
cal time in tough arthroscopic cases has been associ- 
ated with increased complication rates, especially in re- 
gard to neurovascular damage, compartment syndrome, 
and infection. A partial or complete meniscectomy per- 
formed well through a mini-arthrotomy following diag- 
nostic arthroscopy is more beneficial to a patient than 
an inadequate meniscectomy performed arthroscopi- 
cally. 

TECHNICAL ERRORS 
Missed Meniscal Tears 

A thorough and systemic arthroscopic examination of 
both menisci is the best way to avoid missing a menis- 
cal tear. In most cases clear and complete visualization 
of the superior and inferior surfaces of the menisci can 
be completed by arthroscopic visualization and probing 
for meniscal stability via standard anterior portals. The 
best view of the posterior horn of the medial meniscus 
from the anterior portal is obtained with the knee in full 
extension with the application of a valgus force. Care- 



ful probing of both meniscal surfaces provides tactile 
feedback regarding the structural properties of the 
menisci. One should not hesitate to view both menisci 
through the notch. This view, with either a 30- or 70- 
degree scope provides further assurance of the status of 
the posterior horns and the meniscal-capsular junction. 

Auxiliary posteromedial and posterolateral portals 
can be used for placement of a spinal needle or probe 
to palpate the structures visualized in the posterior com- 
partment. Care needs to be taken when placing these 
portals so as to protect the integrity of the nearby neu- 
rovascular structures; a knife is used only to incise the 
skin. If cannula placement is needed posteriorly, several 
dilation sets are available to help the arthroscopist seri- 
ally and bluntly enlarge the soft tissue tracks and help 
avoid neurologic injury. Routine visualization of the pos- 
terior knee compartments through the notch helps in- 
crease the surgeon’s confidence and makes this a less 
daunting task. 

Retained Meniscal Fragment 

Loss of a significant portion of the excised meniscus in- 
side the joint can prolong anesthesia and frustrate the 
surgeons. 

Immediate action: If the meniscal fragment be- 
comes free in the joint, stop all inflow and outflow. Next, 
perform a complete diagnostic arthroscopy with special 
attention to the posterior compartment, the popliteal 
hiatus, the undersurface of both menisci, and the supra- 
patella fossa. The fragment most likely will move in the 
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direction of flow (especially if the fluid is running through 
the scope) and toward the outflow cannula. If the menis- 
cal fragment is located, attempt to prevent further mi- 
gration by squiring it with an 18-gauge needle. Once 
the fragment is secure, grasp it with routine arthroscopic 
equipment and remove it through the most convenient 
portal. If the fragment cannot be found, evidence indi- 
cates that it can attach to synovial tissue and become 
asymptomatic.^^ When using basket forceps and 
morcelizing torn meniscal tissue, care should also be 
taken to remove the majority of these small fragments 
because they may incite a significant inflammatory re- 
sponse. 

Prevention: To prevent large meniscal fragments 
from being dislodged in the joint, ensure that you leave 
a portion of a bucket-handle tear or large flap tear par- 
tially attached. After securely grasping the free end of 
the tissue with a grasping forceps, rotate the forceps 
360 degrees repetitively until the tissue is freed with 
only a light tug. It will already be in the jaws of the 
grasping forceps, minimizing the potential for free mi- 
gration. Consider using a proximal suprapatella lateral 
portal to remove large fragments. 

The capsule and skin in this region are thin, there is 
no fat pad to trap the meniscus, and the portal is eas- 
ily dilated, facilitating passage. Always observe the frag- 
ment exiting the joint. If you are performing removal by 
morcellation of the meniscal tear, pass the motorized 
shaver or other suction devices into the joint on a fre- 
quent basis to remove the smaller fragments. Occa- 
sionally the meniscus fragment can be lost between the 
capsule and the skin. There is a report in the literature 
of a meniscus fragment becoming lodged in the pre- 
patella bursa requiring bursectomy and excision sec- 
ondary to symptoms developing many weeks after the 
initial arthroscopy.^^ 

Immediate action: If the meniscus becomes lost 
between the capsule and the skin, stop all inflow and 
outflow. Look inside the joint to ensure that the menis- 
cus is not still partially lodged in the portal. Also make 
sure that the meniscus has not been dropped on the 
drapes, on the surgeon’s gown, or on the floor prior to 
any further steps. Enlarge the opening of the portal and 
slowly dissect the soft tissue in and around the region. 
Rarely is a large arthrotomy required. 

Prevention: Securely grasp the meniscus to be 
removed and hold it in such a way that the long axis 
parallels the long axis of the grasping instrument. This 
maneuver minimizes the potential of the meniscus be- 
coming dislodged or fragmented as it passes through 
the portal. Always dilate the arthroscopic portal that the 
meniscus fragment is to be passed through prior to pas- 
sage. If necessary, make a larger incision prior to pass- 
ing the meniscal fragment. 



Instrument Breakage 

Arthroscopic instrument breakage is not infrequent dur- 
ing meniscal surgery. Occasionally, meniscal tissue 
can calcify and even normal basket forceps can inad- 
vertently bite into this rock-like material and snap.^^’^^ 

Immediate action: Stop all inflow and outflow. 
Prepare to put suction on the arthroscope and inflow 
through a secondary cannula. Never begin an arthro- 
scopic procedure without a magnetized retrieving device 
available. Depending on the size of the metallic frag- 
ment, a grasping instrument may be all that is neces- 
sary initially. If, however, the fragment cannot be lo- 
cated or it is located in an area that is not easily 
accessible by standard grasping forceps, a magnetized 
suction device can be utilized to attract the fragment to 
the tip of the device and transport it to a more acces- 
sible area within the knee. An accessory portal may be 
necessary to secure the free fragment. Use of fluo- 
roscopy can be beneficial. Minimize the use of inflow 
and outflow during this process to avoid turbulent flow 
that will jettison the metallic fragments throughout the 
knee. 

Prevention: Check preoperative radiographs and 
identify any evidence that there are ossicles in the knee. 
Always check surgical instruments prior to placing them 
in the knee. Establish a routine for inspecting the ar- 
throscopic instruments and ensure that this maintenance 
is performed. Know the limitations of your delicate hand 
instruments and avoid biting into rock-hard substances. 
Use an arthroscopic probe to define the texture and 
quality of the tissue to be removed. Motorized cutting 
instruments can break off part of the blades if the sheath 
or arthroscope is touched. Avoid approaching the tip 
of the scope with the motorized blades turning. 

IATROGENIC INJURIES TO THE KNEE 

Capsular Ligamentous Injuries of the Knee 

Excessive valgus stress may cause ligamentous tears of 
the medial collateral ligament especially when using a 
leg holder. Lateral collateral ligament injury is rare be- 
cause the visualization of the lateral compartment is less 
of a problem due to the posterior sloping of the tibial 
plateau and the decreased strain in the lateral collateral 
ligament associated with knee flexion. 

Immediate action: No immediate action is nec- 
essary other than to define the extent of the injury. Avoid 
excessive valgus stress if medial collateral ligament in- 
jury is suspected. Enjoy the improved visualization and 
finish the procedure while gently maintaining the joint 
opening. Check the condition of the ACL, posterior cru- 
ciate ligament (PCL) and meniscal attachments to the 
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medial collateral ligament during your thorough evalua- 
tion. Postoperatively the patient should be treated with 
protective weight bearing and appropriate bracing de- 
pending on the extent of the soft tissue injury. 

Prevention: Preoperative physical examination and 
radiographs should alert the surgeon to anticipate tightly 
contracted knees at risk. Injury to the medial collateral 
ligament is most frequently seen in elderly patients with 
lateral joint narrowing. Visibility of the medial compart- 
ment is best obtained with the knee flexed 15 to 20 de- 
grees and the foot externally rotated. Lateral compart- 
ment openings are obtained by internally rotating the 
foot and placing the knee in flexion from 15 to 90 de- 
grees while applying a varus stress. 

Vascular Injuries 

The popliteal artery and vein are located just posteriorly 
and slightly lateral to the posterior tip of the lateral 
meniscus. Popliteal artery injury is extremely rare but 
five cases have been reported in the literature. Arthro- 
scopically, pulsatile bleeding from a large lumen may in- 
dicate a large vessel tear. 

Immediate action: Obtain an immediate vascular 
surgery consultation in the operating room. Heparinize 
the patient and inflate the tourniquet. Prepare to roll 
the patient over for a posterior exposure by the vascu- 
lar surgery consultant. Appropriate compartment re- 
lease may be necessary. 

Prevention: Visualize the action end of all cutting 



instruments. Be especially mindful when in the region 
of the PCL and the posterior lateral meniscus. 

Pseudoaneurysms have been reported following ar- 
throscopy.^^ The patient may present in the clinic with 
a symptomatic mass associated with a palpable thrill or 
occasionally there is unilateral swelling in the extremity. 

Immediate action: Vascular consultation will most 
likely indicate elective bypass grafting or excision. 

Prevention: Avoid inadvertent capsular penetration 
by cutting instrumentation, especially in the posterior 
lateral or posterior medial regions. 

Nerve Injuries 

Nerve injuries have been reported in association with 
meniscectomy to the infrapatellar branch of the saphe- 
nous nerve (Fig. 5.8). The nerve is most frequently in- 
jured by portal incisions. The sartorial branch of 
the saphenous nerve can also be injured with postero- 
medial portal placement. 

Immediate action: No action is required. Many 
of these injuries resolve with time. Documentation by 
electrodiagnostic study is recommended. These sensory 
nerve injuries may serve as a source of causalgia and 
appropriate neurectomy may be necessary. 

Prevention: The infrapatella branch of the saphe- 
nous nerve is palpable at the joint line and is nearly hor- 
izontal in the region of the anteromedial portal. Care- 
ful portal placement utilizing topographic anatomy, 
digital palpation, and transillumination will prevent in- 



Figure 5.8. When the decision is 
made to excise the damaged menis- 
cus, the goals are to resect the torn 
portion that is herniating into the cen- 
tral part of the joint to balance the 
rim and avoid catching, to preserve 
the capsular attachments of the 
meniscus. 
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juries not only to the saphenous nerve but also to other 
nerves in and around the knee. Knee position main- 
tained during arthroscopy can prevent neurovascular in- 
jury. Flexion of the knee during diagnostic arthroscopy 
will cause the peroneal nerve to translate inferiorly to 
the biceps tendon away from the joint line and will also 
allow the tibial nerve to migrate posteriorly away from 
the capsule. Any injury to a large motor nerve should 
be treated as an orthopedic emergency and urgent treat- 
ment is recommended (exploration and repair). 

Articular Cartilage Damage 

Articular cartilage damage is caused by poor arthroscopic 
instrument technique and may be partial (5 mm or less) 
or complete (greater than 5 mm with exposed bone) in- 
juries. Only the complete injury should be treated. 

Immediate action: Complete chondral injuries 
with exposed bone greater than 5 mm should be treated. 
These lesions may be treated by abrasion chondroplasty, 
drilling, microfracture, or osteochondral transplant. 

Prevention: Articular cartilage damage is most fre- 
quently caused by passing instruments into a tight com- 
partment. This complication can be avoided by gradual 
stretching, with valgus and varus stress applied in a slow 
and steady fashion to the leg while the knee and thigh 
are held in a leg holder. In addition, elective release of 
the medial collateral ligament and tight capsule struc- 
tures can be performed if visualization is still difficult. In- 
struments should be inspected regularly for sharp or 
rough edges. These damaged instruments should be re- 
paired or replaced immediately. 

Occasionally the meniscus in a tight knee cannot be 
well visualized. Moving the meniscus to the central por- 
tion of the joint will minimize the potential of chondral 
damage. By palpating the meniscus along the joint line 
with your digit it can be forcibly translated into the cen- 
tral portion of the compartment. A spinal needle passed 
into the body of the meniscus can be utilized to trans- 
late the meniscus into a more central position accessi- 
ble to partial meniscectomy. 

Anterior and Posterior Cruciate 
Ligament Damage 

The ACL, PCL, and meniscal femoral ligaments can be- 
come damaged by passing sharp or cutting instruments 
in the intercondylar notch. Care must be taken while re- 
secting impinging synovial tissue or the ligamentous mu- 
cosum in the intercondylar notch. 

Immediate action: Determine the extent of the 
damage to the vital structures by probing and physical 
examination. Rarely is there enough cruciate ligament 



removed to create instability. Partial tears may be treated 
with restricted activity for 3 to 4 months. 

Prevention: Always pass sharp or cutting instru- 
ments in protective sheaths. Be especially careful with 
arthroscopic knives and, as always, visualize the action 
end of these instruments. 

Portal Fistula 

The reported incidences of synovial fistula is 6.1 per 
thousand arthroscopic procedures. 

Immediate action: Immobilize the extremity and 
take appropriate cultures to rule out any infection. Com- 
pression over the site of the open portal associated with 
immobilization allows gradual resolution over several 
days. Range of motion can be resumed as soon as the 
portal is closed. If there is evidence of infection, imme- 
diate excision of the portal tract, appropriate treatment 
with intravenous antibiotics, and serial arthroscopies and 
debridement are appropriate. 

Prevention: Be aware that there is a higher inci- 
dence of portal fistula from posterior portals, especially 
in knees associated degenerative arthrosis. Consider deep 
and superficial sutures in these cases. There is a higher 
incidence of portal fistula from posterior portals especially 
in knees with associated degenerative arthrosis. 

OTHER COMPLICATIONS 

Complications of Discoid Meniscus Surgery 

Symptomatic discoid menisci are best treated with par- 
tial meniscectomy and reattachment of the meniscus 
(Wrisberg type) to the capsule in those cases that are 
hypermobile. Balancing the rim of the meniscus mini- 
mizes the potential of residual symptoms of catching 
and locking. Discoid meniscus tissue is more frequently 
seen laterally than medially and as such the lateral neu- 
rovascular structures posteriorly are at risk during sur- 
gical procedures. After the meniscal tissue has been re- 
sected, methodical probing of the periphery will ensure 
that the meniscus is not unstable. Meniscal reattachment 
to the capsule can be performed arthroscopically or 
open."^^’^^ 

Complete Meniscectomies 

Complete meniscectomies/subtotal meniscectomies are 
associated with loss of hoop stress in severe degenera- 
tive tears. Any time a complete or subtotal meniscec- 
tomy is being considered, care must be taken to avoid 
the genicular arteries, especially laterally, where they are 
in intimate contact with the meniscal tissue. The most 
common complication from complete or subtotal menis- 
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cectomy is early degenerative arthrosis. Gillquist et 
q] 44,49 demonstrated that the long-term follow-up 
of complete or subtotal meniscectomies performed 
arthroscopically, although having significant evidence of 
radiographic degenerative arthritis, have an acceptable 
functional level of activity. 

Immediate action: Educate the patient about low- 
impact training. Follow these patients closely and inter- 
vene early if degenerative arthrosis occurs. If a complete 
or subtotal meniscectomy is performed in a young, ac- 
tive person, consideration could be given for meniscal 
allograft if pain develops postoperatively. However, the 
long-term success of this procedure has not been veri- 
fied at this time. 
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Chapter 6 



Complications and Pitfalls in 
Arthroscopic Meniscus Repair 



James S. Mulhollan 



R epair of knee menisci was championed and pop- 
ularized by DeHaven^ as an open procedure in 
the early 1980s. Coincidentally, arthroscopic 
surgery, which was introduced at about the same time, 
was found to provide reduced morbidity and improved 
results for much of the pathology of the knee joint. Nat- 
urally, arthroscopic concepts were applied to the prob- 
lem of meniscus repair. Numerous surgeons contributed 
to developing arthroscopic meniscus repair techniques 
including Henning,^ Stone and Miller,^ Cannon,^ 
Rosenberg et al,^ Warren,^ Morgan and Casscells,^ and 
others. Although complications occurred from the 
beginning, the frequency of complications became ap- 
parent when the Arthroscopic Association of North 
America’s (AANA) complication committee reported 
its retrospective analysis of 395,566 arthroscopies in 
1986.^ Complications occurred along with meniscus re- 
pair in 2.4% of cases, almost five times the background 
complication rate of 0.56% in all arthroscopic cases. 

A review of Table 6.1 from the AANA report pro- 
vides insight into the spectrum of complications that oc- 
curred with early efforts at meniscus repair. Significant 
sophistication of repair techniques, coupled with the ex- 
perience of arthroscopists, quickly made arthroscopic 
meniscus repair less hazardous. In the earliest efforts at 
meniscus repair, sutures were often tied over an exter- 
nal bolster. An unacceptable level of skin sloughs, as 
well as superficial and deep infections, caused this prac- 
tice to be abandoned. By tying knots within incisions 
over fascial layers, instead of externally, infection be- 
came no more likely than with other arthroscopic pro- 
cedures. 

Chairman Small’s^ follow-up report from AANA’s 
complication committee in 1988 on 10,262 proce- 



dures, performed by experienced arthroscopists, stud- 
ied prospectively, revealed that meniscus repair was no 
more dangerous than the procedure of arthroscopy it- 
self. Many of the possible complications of arthroscopic 
meniscus repair are no more likely than with the alter- 
native treatment of arthroscopic menisectomy, these 
complications include hemarthrosis, thrombophlebitis 
and embolism, instrument breakage, anesthesia acci- 
dents, allergic reactions, fracture, ligament injury, and 
adhesions. 

There is, however, a unique set of complications spe- 
cific to arthroscopic meniscus repair, along with nu- 
merous pitfalls that even without complications interfere 
with efficacy and reduce application of the procedure. 
These pitfalls may lead to an increased rate of reoper- 
ation and probably increased cost. Selection of certain 
diagnostic and repair techniques potentially lessens the 
impact of these factors. Adequate performance of di- 
agnostic techniques and realistic patient selection are 
the most important variables. 



ANATOMIC CONSIDERATIONS 

The work of Arnoczky and Warren^^ established that 
menisci heal by fibrovascular proliferation. Meniscus 
tears with the potential for healing are located in the 
posterior and peripheral aspects of the joint. Postero- 
medially, the saphenous vein and nerves are subject to 
injury. Posterolaterally, the peroneal nerve is at risk. The 
popliteal neurovascular bundle, though lateral to the 
midline, can be injured with both lateral and medial 
meniscus repair, just as it can be injured during routine 
arthroscopy.^’^^ 
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Table 6.1. Arthroscopic Association of North America 
1986 meniscus repair complications: 3,034 cases studied 
retrospectively (8) 



Complication 


Occurrences 


Saphenous nerve injuries 


30 


Deep infections 


11 


Superficial infections over button or bolster 


11 


Peroneal nerve injuries 


6 


Vascular injuries 


3 


Phlebitis 


3 


Pulmonary embolism (fatal) 


1 


Equipment failure 


1 


Skin slough 


1 


Other complications 


6 


Total 


73 



Posteromedial Structures at Risk 

The saphenous nerve and vein course together across 
the posteromedial knee, deep and closely associated 
with the pes anserine tendon group. Their exact loca- 
tion varies from moment to moment along with the flex- 
ion position of the knee joint. In extension, the struc- 
tures are anterior to the posteromedial corner of the 
joint and with the knee in flexion they move posterior 
to the corner. Because patients are recumbent on an 
operating table, the nerve and vein lie below the level 
of the joint line and almost parallel to it with the knee 
flexed 90 degrees. In full extension, the structures are 
drawn upward under greater tension and lie above the 
posteromedial corner perpendicular to the meniscus. 

Posteromedial incisions, both for entrance into the 
knee (for open repair^) or for protection of the struc- 
tures during inside-out meniscus repair, are placed an- 
terior to the pes tendon group and the neurovascular 
structures. A retractor easily displaces the nerve and vein 
posteriorly in positions of knee flexion but tends to put 
tension on these structures with the knee closer to full 
extension. Maximum visualization of the posterior part 
of the medial meniscus demands an extended, or at least 
a slightly flexed, knee stressed against a leg holder. 

When inside-out meniscus repair was performed with- 
out a protective posteromedial incision, the saphenous 
nerve was sometimes included within tied sutures. Al- 
though this is prevented with the protective incision, 
stretch injuries still occur. In the mid-1980s. Stone et 
aP^ reported a 10% transient saphenous nerve neuro- 
praxia with medial inside-out repair and Barber^^ re- 
ported 22% neuropraxia. Although most saphenous 
neuropraxia caused by a stretch mechanism appears to 
be transient, the risk of injury to the saphenous nerve 
is potentially very harmful. Poehling^^ reported that 
100% of 35 patients with reflex sympathetic dystrophy 



of the knee region demonstrated historical or physical 
evidence of having an insult to the infrapatellar branch 
of the saphenous nerve. Early symptoms of saphenous 
injury include hypersthesia, numbness, and a positive 
Tinel’s sign. Pain is a rare complaint. 

Warren^ and Morgan and Casscells^ have described 
meniscus repair from outside into the knee interior, 
the outside-in repair. Because the popliteal neurovas- 
cular bundle is lateral to the midline, and because full 
knee extension displaces the saphenous vein and nerve 
anterior to the posteromedial corner, a relative safe 
zone allows for the posterior one-third of the menis- 
cus to be instrumented directly using a spinal needle 
without a protective incision. Morgan reported only 
one saphenous nerve injury in 350 outside-in menis- 
cus repairs. 

The risk of saphenous nerve injury, coupled with the 
morbidity of posteromedial incisions, led to the author’s 
enthusiasm for the all-inside type of meniscus repair. 
The technique is described by Morgan and uses spe- 
cial instrumentation (Spectrum Soft Tissue Repair, Lin- 
vatec. Largo, FL). On the medial side of the knee, a 
posteromedial puncture is made by this technique; a 70- 
degree arthroscope views the posteromedial compart- 
ment. If room lights are dimmed, the arthroscopic light 
is transilluminated to reveal the optimal location for 
placement of a posteromedial puncture and often re- 
veals the saphenous vein lying at the lower and poste- 
rior margin of the lighted spot. Through almost 100 of 
these repairs dating from 1989, there have been no 
neurovascular injuries in the author’s series. Morgan^^ 
has a similar experience. Complications from posterior 
portals have been reported by Ogilvie-Harris et al.^^ In 
179 posteromedial punctures they report three saphe- 
nous nerve injuries, including one neuroma and two 
saphenous vein lacerations, both detected intraopera- 
tively. I have previously described the specific technique 
for passage of an arthroscope through the intercondy- 
lar notch. This technique is necessary to provide trans- 
illumination. 

Meniscus repair from anterior approaches using 
biodegradable implants such as the meniscus repair dart 
(Bionix, Blue Bell, PA) or the T-Fix (Acufex, Newton, 
MA), do not place posteromedial structures at risk, which 
might represent an advantage of these techniques. 

Posterolateral Structures at Risk 

The peroneal nerve passes the knee joint closely asso- 
ciated with the posteromedial corner of the biceps ten- 
don. It crosses the lateral head of the gastrocnemius to 
curve around the upper fibula and enter the anterolat- 
eral compartment. Unlike with the saphenous nerve, 
peroneal injury frequently causes motor loss, even foot- 
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drop. An injury to this structure has greater consequence 
than does neurologic injury medially. 

Jurist et al^^ report a very instructive case regarding 
the potential of injury to the peroneal nerve. An incision 
was made anterior to the biceps and behind the lateral 
collateral ligament for insertion of a retractor to protect 
the peroneal nerve. Despite knee flexion and the re- 
tractor, inside-out sutures entrapped the peroneal nerve. 
The patient had severe pain and loss of peroneal func- 
tion. Jurist et al explored the nerve and found one stitch 
encircling the structure and another putting traction on 
it. The report suggests that recovery is possible in this 
situation; pain resolved and nerve function returned at 6 
months (even though the nerve did not function at 3 
months). Jurist et al concluded that a posterolateral in- 
cision has to be developed deep to the lateral head of 
the gastrocnemius, not just anterior to the biceps. 

I am unable to find any report suggesting that per- 
oneal injury occurs with any significant frequency, and 
it certainly occurs much less often than saphenous nerve 
injury. This is no doubt due to the fact that a flexion 
knee position is necessary to view the lateral meniscus 
well enough to perform a repair; the flexion position al- 
lows the peroneal nerve to move posteriorly with re- 
duced tension, out of harm’s way. 

When a posterolateral portal is made using transillu- 
mination for the all-inside meniscus repair, the patient 
is recumbent and the knee flexed 90 degrees. The tran- 
silluminated spot is above the biceps and above the 
nerve. This location is nerve free. 

Popliteal Structures at Risk 

The popliteal neurovascular bundle is located lateral to 
the midline and very close to the most posterocentral 
end of the lateral meniscus. While knee extension draws 
the entire neurovascular bundle against the posterior 
capsule, flexion allows the bundle to move away from 
the posterior knee, more at levels proximal to the knee 
than below the level of the menisci. This is because the 
structures enter the calf musculature and are held closely 
against the proximal tibia. 

AANA’s retrospective study of 1986 included nine pop- 
liteal artery injuries in the approximate 375,000 cases re- 
ported.^ There were none in the 8,741 cases of arthros- 
copy by experienced arthroscopists reported in 1988.^ 
Furie et aF^ suggest that conditions altering normal 
anatomy are most likely to lead to popliteal artery injury. 

TECHNIQUE'RELATED COMPLICATIONS 

Certain complications are specifically related to the tech- 
nique of meniscus repair. In most cases the frequency 
of these problems cannot be exactly tabulated. 



Inside-Out Technique 

The possibility and probability of posteromedial and 
posterolateral neurologic complications are considered 
above. I have had one case of a synovial cyst created 
by tying inside-out sutures over the fascia. It required 
open excision of the cyst and the associated polypropy- 
lene suture. The nonabsorbable suture may have been 
the cause of this problem. 

Outside-In Technique 

Morgan describes entrapment of the posterior capsule 
as a complication of the outside-in method. Theoreti- 
cally, this problem could also occur with the inside-out 
method as well. Permanent restriction of extension by 
this mechanism would seem unlikely. 

All-Inside Technique 

It is occasionally necessary to combine this technique 
with one of the above methods, such as when the tear 
extends too far anterior to instrument from within the 
posterior compartments, or when the tear is not pe- 
ripheral enough to turn the repair needle under the over- 
lying condyle. These problems represent limitations of 
the procedure rather than complications. I have had to 
abandon efforts to repair menisci by the all-inside 
method in cases where tissue is too hard to penetrate 
with the repair needles, where visibility is limited due to 
fluid extravasation, and where space is limited due to 
the patient’s anatomy. These factors impact inside-out 
repairs to a lesser extent. 

Meniscus Darts 

Bionix (Blue Bell, PA) introduced bioabsorbable polyl- 
actic acid repair darts to the American market in 1995. 
I am unaware of any untoward reaction to the dart it- 
self, which is left inside the joint to be eventually ab- 
sorbed. A local complication can occur with excessive 
implant length. I placed a 13-mm dart at the postero- 
medial corner of a meniscus in a thin patient for the pur- 
pose of supplementing a direct all-inside repair of the 
patient’s posterior one-third tear. At 18 months, the tip 
of the dart was readily palpable, but symptoms did not 
warrant removal. Absorption of these darts is quite slow; 
I have found darts still visible after almost 2 years. Their 
slow absorption might cause them to act as stress risers. 

On several occasions, I have broken darts during in- 
sertion. This happens when the repair cannula skids be- 
fore the repair arrow is fully inserted. The straight re- 
pair cannula has a side arm through which a small pin 
is placed to stabilize cannula position. It is unfortunate 
that this feature is not available in curved cannula con- 
figurations. 
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TECHNICAL CONSIDERATIONS 

Numerous technical factors influence the application 
and success of meniscus repair. Of specific concern is 
the quality of the diagnostic exam that is an integral part 
of the treatment of every patient. Other considerations 
include knot tying, coincidental treatment of ligament 
injuries, rehabilitation protocol, and patient selection. 

The Recognition of Repairable Tears 

Quin and Brown^^ discussed nine apparent false-posi- 
tive meniscus tear diagnoses established with magnetic 
resonance imaging (MRI) examination of 254 cases. 
They concluded that the posterior compartments in 
these patients were not adequately visualized arthro- 
scopically and that the tears present were probably 
missed. Gillquist et aF^ noted that in 39 of 68 cases, 
the posteriomedial compartment could not be visualized 
from an anterolateral arthroscope insertion site. Gill- 
guest et al and Mulhollan^^ advocate insertion of the 
arthroscope in the midline through the patellar tendon. 
In almost every case the arthroscope can be passed 
through the intercondylar notch, and the posterior at- 
tachment of the meniscus can be viewed directly with 
the 70-degree arthroscope. Johnson^^ described a di- 
rect puncture into the posterior compartments for 
arthroscope placement in 1977, and Gold et al^^ in 
1995 described the use of a flexible nylon guide rod 
(Smith & Nephew Dyonics, Andover, MA) like a switch- 
ing stick to establish posteromedial arthroscope place- 
ment. All of these techniques allow recognition of the 
tears that are the most peripheral, most vascular, and 
most likely to heal if repaired. The Gillquist-Mulhollan 
technique allows application of the all-inside repair tech- 
nique. 

I have performed MRls on all cases of anterior cru- 
ciate ligament (ACL) injury for the last 2 years. In al- 
most 20% of cases there was a peripheral meniscal de- 
tachment undetected by the MRI. Complete arthroscopy 
is the only technique with which all the repairable tears 
occurring in ligament cases can be recognized. It is im- 
possible to guess at the frequency of arthroscopy that 
is performed without posterior compartment visualiza- 
tion. Representatives of arthroscopy instrumentation 
companies, many of whom have watched thousands of 
procedures, have estimated (in personal communication 
with the author) that the posterior compartment is ex- 
amined in less than one-third of cases, and that 70- 
degree arthroscopy is utilized in less than one in five 
cases. 

Knot Tying 

I initially patented a knot-tying device and a method of 
sewing inside a body cavity in 1986 as part of early ef- 



forts to perform an all-inside meniscus repair (U.S. 
Patent no. 4,602,635, July 29, 1986, Mulhollan and 
Starr). Although this technique of knot tying was de- 
scribed in 1989 in product literature (Baxter, Santa Ana, 
CA; more recently, Linvatec, Largo, FL), it had not yet 
been applied. I finally performed all-inside meniscus re- 
pair in 1989, and continue to utilize the technique. Re- 
cently the quality of tied knots has been considered in 
significant detail (Figure 6.1). The knot configuration on 
the left is the knot that I have used since 1986. Rim- 
mer et aF^ demonstrated that vertical stitches have twice 
the pullout strength as horizontal stitches. Berry knots 
and meniscus darts have pullout resistance about equal 
to horizontal sutures. There is an advantage to the 
all-inside technique in that the stitches placed by this 
technique are vertical. 

A significant advantage exists when a placed suture 
slides through the tissue that is being tied. Several de- 
scribed repair techniques yield placed sutures that will 
not slide. Berry knots and the T-Fix devise are exam- 
ples. The knots in Fig. 6.1 require sliding sutures. 
Without sliding, tension is hard to maintain even with 
knot tying devices. Outside the knee, an incision long 
enough to admit the fingertip is necessary. If tension is 
established with a slip knot, an incision no longer than 
what is necessary to admit a knot pusher is needed. 
Without a sliding stitch, I have found significant difficulty 
in maintaining enough tension to adequately establish 
repair apposition. 

Suture Material 

I sewed many mensci, using open techniques, between 
1980 and 1989, without performing intraarticular sta- 
bilization; that was generally not possible during that 
era. There was a rather high recurrent tear rate, ap- 
proaching 15%. In the overwhelming majority of these 
cases, the new tear was completely inside the original 
tear plane. In two of these cases, the tear occurred at 
the suture line. 

Some authors have advocated the use of absorbable 
sutures, which might lessen the possibility that a non- 
absorbable suture might act as a “stress riser.” I feel that 
there is a beneficial effect of permanent marking, that 
is, the use of nonabsorbable sutures (in my experience, 
Prolene, manufactured by Ethicon, Somerville, NJ), for 
academic evaluation of failed repairs. It also has the ben- 
eficial side effect of being quite slippery and, therefore, 
easy to use for tying a knot intraarticularly. 

Coincident Treatment of Ligament Injuries 

Numerous reports demonstrate enhanced success when 
meniscus repair is performed at the same time as liga- 
ment reconstruction. Barber and Click^^ reported 92% 
success when the two procedures were performed to- 
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S//S//S 



s//xsy/x S 



Under 



Under 



Figure 6.1. A: The slip knot con- 
figurations shown here were used 
initially to remove slack from the 
suture loop. The OT configuration 
designates the complex Duncan 
Loop configuration. B: The half- 
hitch configurations shown repre- 
sent two combinations that do not 
incorporate post switching. The la- 
bels Under and Over indicate the 
direction for the initial pass around 
the post when making each half- 
hitch loop. Note that the directions 
of the half-hitch loops are reversed 
for the S X S X S configuration. 

C: The half-hitch configurations 
shown represent two combinations 
that incorporate post switching and 
reversal of the loop direction. Note 
that the S// X S// X S configura- 
tion combines post switching and 
loop direction reversal. 



gether. Without reconstruction the success rate was only 
67%, equal to that of repair in stable knees. Presum- 
ably the hemarthrosis associated with ligament repair 
bathes the repair site with fibrin. No doubt reduced 
movement between the femur and tibia is a contribut- 
ing factor. Meniscus avulsion, the best situation for re- 
pair, is found almost exclusively in ACL cases. Jensen 
et al^^ reported improved results with concurrent re- 
construction and meniscus repair, as did Asahina et al.^^ 
They found age insignificant, an observation shared by 
Barber and the author. Cannon and Vittor^"^ achieved 
good results in older patients and better results laterally. 
I believe that many lateral tears in cruciate ligament cases 
heal spontaneously.^^ Asahina had better results with 
peripheral tears, which of course occur with much 
greater frequency in ligament cases. 

Rehabilitation Protocol 

Barber^^ reported that accelerated rehabilitation did not 
compromise outcome. When it became apparent that 
early movement and restoration of function enhanced 
the outcome of cruciate reconstruction, I abandoned any 
restrictions with meniscus repair cases. Success at heal- 
ing in my ACL cases equals that of Barber. I believe 
that successful meniscus repair in cruciate ligament cases 
enhances the result of reconstruction. Despite increased 



operating room time and costs and the small risk of 
complications, meniscus repair in the treatment of the 
unstable knee is easily justified. 

Patient Selection 

Elsewhere I describe a detailed consideration of menis- 
cus tear patterns and the selection of patients. I be- 
lieve that meniscus repair is appropriately reserved for 
the traumatic injury to normal healthy tissue. These in- 
juries occur in almost one-fourth of ligament injury cases 
and healing occurs with high reliability. By contrast, 
Schimmer et al^^ observed that favorable outcomes de- 
creased from 90% to 63% when meniscus repair was 
performed in patients with joint surface pathology, that 
is, early degeneration. In many patients, especially those 
with stable knees, squatting occupations, and increased 
age, meniscal tissue fragments and tears are due to at- 
trition, often with trivial trauma. 

Burks and Metcalf^^ tabulated Robert W. Metcalfs 
patients available for follow-up ; 88% of menisectomy 
patients had good or excellent results at 15 years. In 
view of this outcome, it is difficult to subject stable knee 
patients to meniscus repair, especially in view of in- 
creased costs and the frequency of failure to heal, lead- 
ing to reoperation; this might occur in 30% to 40% of 
cases. 
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SUCCESS OF MENISCUS REPAIR 

Arnoczky et reported that the MRI did not conclu- 
sively prove that meniscus repair had been successful. 
Neither can the clinical status of the patient, since it 
is impossible to conclude whether patients, presently 
asymptomatic, will continue to remain so. I have ob- 
served meniscus repair failure as late as 12 years. Haribe 
et al,"^^ who examined meniscus repair patients arthro- 
scopically, reported excellent results in 56%, good in 
28%, and poor in 16%, a lesser success rate than Met- 
calf’s arthroscopic menisectomy results described above. 

CONCLUSION 

Saphenous nerve neuropraxia is the most frequent com- 
plication of arthroscopic meniscus repair and is poten- 
tially serious. The occurrence of this complication is 
probably reduced with the outside-in and all-inside re- 
pair techniques, as well as with procedures performed 
by anterior approaches such as the meniscus dart. 

The success of meniscus repair is high in ACL pa- 
tients when the procedure is performed along with ACL 
reconstruction. It is less reliable in stable knees if per- 
formed as an isolated procedure or if utilized in patients 
with joint surface pathology. Its application in these 
cases is costly and may lead to eventual reoperation. 
Similarly, overapplication of the meniscus repair con- 
cept may lead to unnecessary reoperation and added 
costs. Burks and Metcalf^^ made the following obser- 
vation: “The result of partial menisectomy in a stable 
knee is good enough that the morbidity of heroic mea- 
sures to save complex tears of the meniscus may need 
close scrutiny.” 

It is probable that incomplete arthroscopy, meaning 
failure to examine the posterior compartments, is the 
most frequent pitfall affecting eventual outcome. With- 
out examination of the posterior compartments, the best 
tears for repair are probably missed. 
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Chapter 7 



Complications and Pitfalls in 
Meniscal Transplantation 

Jeff C. Brand, Jr. and Darren L. Johnson 



T he loss of meniscal cartilage is a tragedy for the 
knee joint. ^ Meniscal transplantation has evolved 
because of this simple fact. Meniscal transplan- 
tation is a recent development, and the first one was 
performed in Europe in 1984. Improvements in allo- 
graft choices, patient selection, choice of concomitant 
procedures, and appropriate preparation make this 
surgery safe and effective. 

PROCESSING 

Of the choices the surgeon makes preoperatively, pa- 
tient selection is arguably the most important, rivaled 
primarily by the choice of allograft tissue and choice of 
concomitant procedure. Meniscal allografts vary on the 
method of preparation and secondary sterilization. 

Fresh Meniscal Allografts 

Some of the best results in the literature come from us- 
ing fresh meniscal allografts.^’^ Fresh implants are har- 
vested under sterile conditions and used shortly there- 
after, usually within 6 days.^ During this period of time, 
they are maintained in cell culture. The advantages are 
cell viability and mechanical integrity.^ Siegel and 
Roberts^ note that fresh allografts had comparatively 
good results, which suggests that a viable meniscal chon- 
drocyte population may have a beneficial effect on the 
long-term survival and function of the graft. But basic 
science research on this topic disputes this assertion. In 
a goat study using deoxyribonucleic acid (DNA) probes, 
all the cells in a transplanted meniscus were replaced 
with recipient cells by 4 weeks after implantation.^ 
Presently, it is unclear what advantage donor cells offer 
in the first 4 weeks after transplantation. 



Unfortunately, there are a plethora of disadvantages, 
both theoretical and practical. Fresh allografts are lim- 
ited to hospitals that have an active transplant harvest- 
ing program. These tissues are difficult to handle and 
to maintain their sterility. Sizing is difficult and patients 
have to be implanted on an urgent basis. ^ Disease trans- 
mission is a greater concern, as prevention rests on 
donor screening (Table 7.1). Because a window of time 
exists between contraction of the human immunodefi- 
ciency virus (HIV) particle and seroconversion, it is pos- 
sible, although unlikely, to implant a meniscus with the 
acquired immunodeficiency syndrome (AIDS) virus. 
These allografts can be gamma sterilized; however, pre- 
sent science suggests that the dose required to inacti- 
vate the AIDS virus unfavorably alters the mechanical 
properties. The dose of gamma irradiation necessary 
to kill the HIV particle is 3.0 Mrad by polymerase chain 
reaction (PCR) testing.^ Freezing alters the antigenicity 
of the meniscus allograft, so if there were to be an im- 
mune reaction in transplantation, it is more likely in a 
fresh allograft. Garrett^’^ has two reported series with 
fresh allografts. The first series reported in 1991 con- 
sisted of six patients, of whom four had second-look ar- 
throscopy and all four appeared to be healed. In the 
second series published in 1993, 16 patients had fresh 
transplants; 13 second-look arthroscopies were per- 
formed and 12 patients had healed. 

Cryopreserved Grafts 

After harvesting the allograft, it is placed in a medium 
such as glycerol to maintain cell viability, and it is se- 
quentially and slowly frozen and maintained at - 130°C. 
The grafts undergo a form of secondary sterilization, 
usually gamma irradiation.^^ The advantage of this tech- 
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Table 7.1. Screening of donors 



Investigation 


Exclusion Critieria 


Social history 


Intravenous drug abusers 
Prostitutes 
Homosexuals 
Runaways 


Medical history 


Infection 

Neoplasia 


Blood tests 


Syphilis 
Hepatitis B/C 
HIV 


Allograft cultures 


Bacterial/fungal infection 


Autopsy 


Lymph node involvement 



(From ref. 64, with permission.) 



nique is that cell viability ranges from 10% to 40%, de- 
pending on the study.^^’^^ Again, the role of cell via- 
bility is unsupported in basic science at this time. This 
is an expensive and technically difficult technique.^ 
Garrett,^ in his 1993 report, included 27 patients with 
cryopreserved transplants, and there were 15 second- 
look arthroscopies. Eight patients appeared healed, and 
seven had loss of a major portion of the meniscus or 
failure to heal at the periphery. The other 12 transplants 
were not studied by second-look arthroscopy and were 
considered “silent,” that is, without clinical symptoms. 

Fresh Frozen Grafts 

After sterile harvest of the meniscus, it is frozen to -70° 
to -130°C for storage. The tissue is maintained at this 
temperature until it is thawed for clinical use. The menis- 
cus is easily transported and stored. This relatively sim- 
ple technique of preservation denatures the histocom- 
patibility antigens, decreasing the probability of an 
immune response. Fresh freezing destroys donor cells. 
The meniscus appears to repopulate with host synovial 
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cells, but this is in the periphery, and the central core 
may remain acellular. collagen framework of 

the meniscus is largely maintained in the animal studies 
to date,^^ although Arnoczky et aF"^T5 noted al- 
teration in the superficial layer of the collagen structure 
with some subsequent remodeling. Fresh freezing may 
decrease graft “incorporation,”^^ and the grafts have 
been noted to shrink with time.^^ 

Freeze Drying (Lyophilization) 

In addition to freezing, the tissue is dehydrated as it is 
stored. The advantage is that tissue can be stored at 
room temperature, greatly simplifying handling. Also, 
the tissue can be stored indefinitely. When the menis- 
cus is utilized, it is rehydrated. Because the meniscus 
size varies with dehydration and rehydration, the tissues 
are more difficult to size.^ Shrinkage in vivo is more of 
a problem as well.^^ Wirth et al,^^ reporting their se- 
ries of freeze-dried meniscal transplants, noted three of 
17 menisci had shrunk to a meniscal remnant, seven of 
17 were one-third of their normal size, and six of 17 
had shrunk to two-thirds of their normal size. While the 
HIV particle is not destroyed by the process, the risk of 
transmission is diminished. Milachowski et aF^ in 
1989 noted better results in their series of frozen menis- 
cal transplants compared to lyophilized transplants, 
specifically less shrinkage and less cartilage damage 
(Table 7.2). 

COMPLICATIONS 

The majority of adverse outcomes in meniscal trans- 
plantation are caused by poor patient selection, techni- 
cal errors, and biologic failures. Meniscal transplanta- 
tion as presently practiced has markedly improved with 
respect to safety and efficacy. 

Arthroscopic placement of the meniscus may be 
preferable to placing the transplant through an open in- 



Table 7.2. Meniscal transplantation shrinkage 



Author and series 


Description 


Normal 


Smaller 


One-third 

smaller 


Two-thirds 

smaller 


Destro\;ed 


Garrett^ 


Bone plugs, 


27/28 




1/28 






Second-look arthroscopy 


fresh, cryo 












Kohn and Wirth^^ 


Suture, 


3/5 


1/5 


1/5 






Second-look arthroscopy 


deep frozen 














Suture, 






4/13 


5/13 


1/13 




lyophilized 












Milachowski et aF^ 


Suture, 


3/5 


1/5 




1/5 




Second-look arthroscopy 


deep frozen 














Suture 






4/10 


4/10 


1/10 




lyophilized 
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cision. In addition to the usual advantages of arthro- 
scopy, the corresponding collateral ligament needs to 
be released when the transplantation is performed open 
as opposed to arthroscopic assisted. Although ar- 
throscopy is thought of as “no big deal” by both pa- 
tients and surgeons, that is not necessarily the case. 
Small,^® writing in 1988, noted a 1.5% rate of com- 
plications in arthroscopic surgery, including the follow- 
ing: 7% superficial cellulitis, 2% phlebitis, and 38% 
saphenous neuropathy. All of these complications were 
transient. As meniscus replacement is a lengthy opera- 
tion, tourniquet time and subsequent palsy is a concern. 

The usual complications in knee surgery have been 
found in meniscal transplantation, that is, infection, su- 
ture, and hardware complications. Zukor et al^^ noted 
two of 26 patients required transfusion for postopera- 
tive anemia. In this series, both the meniscus and tibial 
plateau were transplanted together, which is different 
from the other series discussed. Shelton and Dukes^^ 
noted one of 20 patients had a postoperative hemar- 
throsis. Also, Zukor et al^^ had to evacuate one post- 
operative knee hemarthrosis in 26 patients. Goble and 
Wilcox^^ had to remove wire that had been used for fix- 
ation and displaced after a motor vehicle accident 
(MVA). Suture granuloma has been reported. Van Arkel 
and deBoer^^ had five of 23 patients with suture gran- 
uloma around nonabsorbable suture. Their recommen- 
dation is to use absorbable suture. 

Infection has been uncommonly reported in menis- 
cus transplantation. Milachowski et al^^ in 1989 had 
two of 22 patients develop a postoperative infection, 
one of whom was culture positive for Staphylcoccus au- 
reus. At least two authors have had to remove the 
meniscus in the course of treating the infection; Shel- 
ton and Dukes^^ had one of 20 treated in this manner 
and Goble and Wilcox^^ also removed a transplant. Vel- 
tri et al^^ reported in 1994 a stitch abscess. 

As in all allograft surgery, disease transmission re- 
mains an issue. Although there have been no reported 
cases of HIV transmission with soft tissue grafts,^^ it has 
occurred in bone transplantation.^^ Former U.S. Sur- 
geon General C. Everett Koop^^ estimated that by the 
year 2000 there will be 100 million people worldwide 
with the AIDS virus, barring a medical breakthrough of 
a way to control this epidemic. Buck et al^^ estimated 
the probability of contracting the AIDS virus from a bone 
or soft tissue implant to range from one in 161 to one 
in 1,667,600 using a mathematical model. The proba- 
bility of HIV of one in 161 assumes no other precau- 
tions other than testing the donor for the HIV antibody; 
one in 1,667,600 assumes all precautions including test- 
ing for the HIV antigen, which is not universally per- 
formed. Certainly, the hepatitis viruses are a risk, but 
they are not fatal without exception, as the AIDS virus 



is. Freezing may diminish the probability of disease 
transmission.^^ 

Technical Failures 
Sizing 

In “isotropic transplantation,” a right medial meniscus 
is substituted for a right medial meniscus.^ The con- 
tralateral, matched meniscus may be used to size the 
meniscus as the two appear to be mirror images of each 
other. Magnetic resonance imaging (MRI) at present 
is not consistently accurate in estimating the meniscus 
size; it generally tends to underestimate the size,^ al- 
though it has also erred in the opposite direction. As 
MRI software and technique improves it is likely accu- 
racy will improve as well. Computed Tomography (CT) 
has been touted as more accurate in the sizing of menis- 
cal transplants,^ however it can either underestimate 
or overestimate.^^ X-rays have been most commonly 
used, as they are accurate and easy to use. Garrett and 
Stevensen^ found that an AP radiograph estimated the 
meniscus size to within 5%. Also, L’Insalata et aP^ mea- 
sured the AP articular length on lateral radiographs with 
a mean error of 2.4% for the medial meniscus and 3.0% 
for the lateral articular surface. Both the interobserver 
and intraobserver reliabilities were found to be excellent. 
If one is to err, a larger implant can be sized to fit.^^ 

Bone Plug Fracture 

Although, bone plug fracture occurs rarely, when it does 
occur it usually is recoverable. A technique of graft pas- 
sage to minimize the probability of fracture is presented 
below (see Prevention). When the bone plug fractures, 
it can be salvaged with suture fixation or by securing a 
fractured bone bridge with the periosteum closure. 

Patient Selection 

Young donors and young patients are preferred, younger 
patients are are less likely to have significant degenera- 
tive joint disease (DJD) and conversely are more likely 
to develop osteoarthrosis after menisectomy.^^’^^ Menis- 
cal transplantation may prevent degenerative changes 
from developing. Younger donors, because of age re- 
lated changes to the meniscal cartilage, are superior. 
Cryolife, Inc. (Marietta, GA) limits donors to age 40.^^ 
Two other important factors in patient selection are 
the amount of articular surface change and alignment 
of the involved limb. It is impossible at this time to sep- 
arate the adverse influence of each, as these two are 
interrelated factors. For instance, a patient with signifi- 
cant chondral changes likely has concomitant malalign- 
ment. Many of the meniscal allograft patients reported 
also have an osteotomy during or near the time of the 
transplantation. The allograft or the osteotomy or both 




could have been responsible for the improvement in the 
patient’s symptoms. 

The most reliable pain relief and best longevity of the 
implanted meniscus have been in patients who have less 
extensive chondral changes. What is an acceptable 
amount of chondral change is not clear. The traditional 
thinking was that patients with Outerbridge grade III or 
IV changes did not fare as well as those with grade I or 
II changes. Rodeo et noted a “significant negative 
correlation between the Outerbridge score at the time 
of insertion and the magnitude of improvement in the 
International Knee Documentation Committee (IKDC) 
Activity Score” in their 41 patients. In Garrett’s^ series, 
patients with grade IV changes did more poorly than 
other patients. In 11 patients with grade IV changes, 
only two were a success; six were failures, and three did 
not have second-look arthroscopy. In Noyes’^^ series of 
68 meniscal transplants in 57 patients, most had 
“arthroscopic evidence of advanced femoral, tibial car- 
tilage changes.” Many had anterior cruciate ligament 
(ACL) surgery at the same time. Also, many patients 
had significant varus angulation. Second-look arthros- 
copy on 45 patients showed that 18 were failures. Cry- 
olife, Inc., which maintains a registry of meniscal allo- 
grafts, noted in a personal communication to Goble and 
Kane that 13 of 15 menisci that had to be removed had 
grade III or greater changes, and 15 of 23 that had re- 
moval of a part of the transplant had “high-grade” arthri- 
tis at the time of transplantation.^^ In Shelton and 
Dukes’^^ series of 18 meniscal transplants, in nine of 
the 10 compartments that had minimal or no chondral 
changes, the patients had excellent pain relief. How- 
ever, two of the four patients who had grade III or IV 
chondral changes had fair pain relief and two had poor 
pain relief. The two patients with poor pain relief were 
noted on second-look arthroscopy to have meniscal 
tears corresponding to the areas of articular damage, 
usually located over the posterior horn on the meniscus 
(Table 7.3). Finally, in an MRI study. Rodeo et al^^ noted 
more meniscal fragmentation over areas of chondral de- 
generation (Fig. 7.1). 

However, there is evidence that meniscal transplan- 
tation can be effective in patients with grade III or IV 
chondral changes. Dowdy et al,^^ in a series of 20 
meniscal transplants, found that 18 patients had grade 
II or greater changes, but only one patient had grade 
IV changes. Their results were gratifying, with 15 of 17 
patients (88%) having significant improvement. There 
were two late partial menisectomies with healing rims 
at 6 and 7 months after surgery. Goble and Wilcox^^ 
reported in 1995 on 47 patients with 49 transplants, 
all with grade III and IV changes that were treated with 
cryopreserved transplants; 94% of the patients had im- 
provement in pain and functional abilities. In a case re- 
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Figure 7.1. Magnetic resonance imaging (MRI) of a menis- 
cal allograft. Sagittal images obtained 5 months postopera- 
tively demonstrate high signal intensity at the attachment of 
the posterior horn, indicative of intrameniscal degeneration, 
v\/hich was confirmed at subsequent biopsy and histologic ex- 
amination. Note the thinning of the cartilage (arrows). (From 
ref. 64, with permission.) 

port from 1991, a patient with significant lateral com- 
partment arthritis had pain relief and meniscus healing 
on second-look arthroscopy.^^ Most recently, Cameron 
and Saha^^ reported a series of 67 patients with “uni- 
compartmental arthritis” and a meniscal transplant; 34 
patients had an osteotomy with their transplant, five had 
concomitant ACL reconstruction, and 21 had an iso- 
lated meniscal allograft. The knee score improved from 
a mean of 37 to a mean of 80, with three patients hav- 
ing a failure of the allograft due to gross nonhealing. 

Although malalignment has not been studied as rig- 
orously as gonarthritis, it is agreed in the literature that 
alignment is an important preoperative consideration. 
Failure of the meniscal allograft has been attributed to 
poor alignment. If the preoperative alignment is not 
within the normal range for gender, an osteotomy 
should be considered as a simultaneous or separate pro- 
cedure. As noted. Van Arkle and deBoer^^ at- 
tributed their three failures to poor nutrition from 
malalignment. Their malaligned group of patients had 
a Lysholm knee mean score of 65 compared to a mean 
of 81 in the group that was well aligned. 

Ligamentous laxity should be addressed either prior 
to or at the time of the transplant. The meniscus repair 
literature is in agreement that ligament reconstruction 
markedly improves the results of meniscus repair. The 
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nieniscus is a secondary restraint in the ACL-deficient 
knee and experiences forces that the meniscus with an 
intact ACL does not. Simultaneous ACL reconstruction 
with meniscus repair is rarely associated with failure 
to heal the meniscus tear. In meniscal reconstruction, 
Garrett^ noted that ACL reconstruction did not ad- 
versely affect the result. Thirteen of his patients had 
second-look arthroscopy, and 12 were considered a 
success. 

Biologic Failures 

It has already been noted that malalignment may play 
a role in meniscal healing. Degenerative chondral 
changes articulating against an allograft meniscus may 
play an adverse role in incorporation of the meniscus. 
Ligamentous laxity interferes with healing of a rim of 
an autogenous meniscus with intact horns, so it is log- 
ical that it would interfere with healing of an allograft 
with grafted horns. Incorporation of the body of the al- 
lograft meniscus is related to horn incorporation. For 
the purpose of this discussion, these topics are divided 
into failure of meniscal body incorporation, failure of 
horn incorporation, shrinkage, rejection, and synovitis. 

Meniscal Body Incoporation 

Both animal and human studies have found differences 
between the native meniscus and transplanted menisci. 
In a canine study in which dogs’ native meniscus was 
removed and reimplanted, the majority (86%) had ab- 
normal collagen organization and had cleavage planes 
at the meniscosynovial junction. In a histologic study 
on human transplants performed with a bone plug on 
the posterior horn and soft tissue fixation on the ante- 
rior horn, there was delayed and limited cellular repop- 
ulation. The central core and surfaces remained acel- 
lular. There was peripheral vascular invasion, and the 
peripheral mensicus repopulated with fibrocytes, not fi- 
brochondrocytes. It was uncommon to have failure of 
the horn or periphery, although clefts and tears in the 
body of the meniscus were not unusual. These changes 
were usually located at the posterior horn of the menis- 
cus. The author concluded that normal meniscal cellu- 
lar histology and the unique meniscus collagen archi- 
tecture were not restored. Collagen architecture of the 
meniscus may be dependent on the restoration of the 
normal “hoop stresses” in the meniscus, and structure 
is a reflection of function. The soft tissue fixation of the 
meniscus at the anterior horn may alter the weight bear- 
ing of the meniscus and subsequent histologic remodel- 
ing. 

Second-look arthroscopy, considered the best objec- 
tive measure of transplant success, has been used ex- 
tensively to assess the results of meniscus transplanta- 
tion. Veltri et aF^ noted that two of seven second-look 



arthroscopy menisci had partial “healing” and one had 
fraying and degeneration. Van Arkle and de Boer^^ 
noted three of 23 transplants had failure of body in- 
corporation, although two of three appeared to be 
healed when reexamined. In one of these three, the au- 
thors attempted to reattach the meniscus. Goble and 
Wilcox^^ performed 17 second-look arthroscopies in 18 
transplants; four of these menisci had degenerative 
changes in the body, and small tears were noted at the 
edge of the meniscus. Garrett^ in his 1993 study had 
eight menisci with loss of a major portion, failure of 
healing of the periphery, and fragmentation of the sub- 
stance of the meniscus. In another study of two speci- 
mens with advanced chondral changes, the implanted 
menisci were fragmented over the area of the chondral 
changes. Finally, in an MRI study, there was noted to 
be a high incidence of fragmentation on MRI.^^ These 
changes were more common over areas of articular car- 
tilage degeneration (Fig. 7.1). 

Horn Incorporation 

The use of bone plugs or a bone bridge between the 
horns of the meniscus transplant may be the most im- 
portant factor in the incorporation of the meniscal horns 
(Fig. 7.2). Techniques that suture the horns to the re- 
maining mensical horns by soft tissue fixation have been, 
in most reports, less reliable. In a study with goats, when 
the meniscal horns were sutured with a soft tissue tech- 
nique there was mensical extrusion, so the technique 
was changed to one utilizing bone plugs. ^ Meniscal ex- 
trusion in a human MRI study has been associated with 
poorer clinical results^^ (Fig. 7.3). In the case report by 
Keene et al^"^ from 1987, both horns failed to unite and 
a suture technique was used. Cryolife, Inc., in a per- 
sonal communication to Goble and Kane, reported there 
had been no horn fixation failures when using bone 
plugs evaluated by second-look arthroscopy. When us- 
ing soft tissue suture techniques, fixation was “incom- 
plete” in 5% and “poor” in 1%. In another report, Cry- 
olife noted that there was a 20% increase in graft survival 
if bone fixation is included in the meniscal implant pro- 
cedure.^^ There were two menisci with nonhealing or 
detachment of the horns in 22 implanted menisci with 
suture fixation in Milachowski et al’s^^ series from 1989. 

Failure of incorporation of the bone plug has been 
reported. Goble and Wilcox^^ and Shelton and Dukes^^ 
had failures of fixation when using bone plugs. Although 
failures have occurred with both techniques, use of bone 
plugs or a bone bridge is favored because of the con- 
sistent bone-to-bone healing. 

Shrinkage 

The evidence to date suggests that shrinkage may be 
related to the type of fixation of the meniscal horn and 
type of processing of the allograft. Lyophilized menisci 
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Figure 7.2. Different techniques of 
allograft medial meniscus replace- 
ment. A: The allograft is sutured to 
the anterior and posterior remnants 
of the genuine meniscus. B: The an- 
terior and posterior ends of the al- 
lografts are tagged. The tag sutures 
are brought anterior through drill 
holes. C: Allograft bone plugs are 
“press-fit” at the meniscal inser- 
tions. D: An allograft bone bridge is 
fit into a tunnel, used in the key- 
hole technique. (From ref. 17, with 
permission.) 




Figure 7.3. MRl after high tibial osteotomy and mensical al- 
lograft. Coronal image 4 months postoperatively demon- 
strates peripheral displacement of the body of the meniscal 
allograft relative to the axis of the femorotibial joint (curved 
arrow). There is biopsy-proved intrameniscal degeneration, as 
manifested by high signal intensity within the substance of 
the meniscus (straight arrow). (From ref. 64, with permission.) 



have had more shrinkage than other types of process- 
ing. Garrett^ in his 1993 series in which bone plugs 
were used noted shrinkage on second-look arthroscopy 
of only one meniscus. Both fresh and cryopreserved 
menisci were used in this series. In a personal commu- 
nication from Cryolife to Goble and Kane,^^ 12 of 267 
patients had shrinkage, five of whom were inadequately 
fixed at the meniscal horns. There are two series in the 
literature that reported significant shrinkage; both used 
suture techniques on the horns of the menisci. Kohn 
and Wirth^^ had five deep-frozen menisci that had sec- 
ond-look arthroscopy; three were of normal size, one 
was smaller, and one was a third of normal size. Their 
13 lyophilized second-look arthroscopies had one 
meniscus that was destroyed altogether; four were re- 
duced in size by a third of normal, and five were 
reduced in size by two-thirds. Similarly, Milachowski et 
al^^ had a series of both deep-frozen and lyophilized 
menisci transplants. Five deep-frozen transplants un- 
derwent second-look arthroscopy; three were normal 
sized, and two had some shrinkage, one of which was 
two-thirds smaller. Ten lyophilized menisci had second- 
look arthroscopy; only one patient had a normal-sized 
meniscus, five were reduced by one-third, four by two- 
thirds, and one was completely destroyed. However, 
only two patients were dissatisfied, one with chronic sy- 
novitis and a normal-appearing graft, and one with resid- 
ual instability (Table 7.2). In conclusion, two factors have 
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been associated in the literature with graft shrinkage: 
suture fixation of the horns and a lyophilized meniscus 
graft. 

Rejection 

Collagen carries little antigen, whereas the cellular com- 
ponent, bone, and bone marrow components carry the 
major histocompatibility antigens. The size of 
the bone bridge may be important in any immune re- 
sponse. Freezing destroys cellular components, and 
therefore would be expected to alter the immune re- 
sponse.^ Cryopreservation, because of the low temper- 
atures, denatures the histocompatibility antigens and 
should diminish the immune response.^ When fresh and 
frozen groups are compared, the difference in incorpo- 
ration occurs in the first 40 days; after this period of 
time biologic incorporation is similar.^ Khoury et al^^ 
also noted the effects of freezing on the human leuko- 
cyte antigens (HLAs). It eliminated or reduced HLA ex- 
pression by fibrochondrocytes, but had little impact on 
antigen expression by synovial cells and endothelial cells. 
Also, menisci that are harvested from a younger donor 
may present a larger antigen challenge than do those 
from an older donor. The authors concluded that tissue 
matching may be of benefit in meniscal transplantation. 
Until recently, there hadn’t been a documented case of 
immune-mediated failure of meniscal transplantation.^^ 
Hamlet et al^^ reported a case of a 33-year-old man 
with a profound synovitis after a cryopreserved trans- 
plant. Microscopically the round cell infiltrate resembled 
a host-versus-graft reaction. The meniscus was removed 
because of the extent of the reaction. However, no tis- 
sue typing of the donor or recipient was performed. At 
this point, the case of acute rejection has been made 
on clinical grounds and review of pathology. However, 
failure of transplantation in other instances that have 
been reported is thought to be related to cell death rather 
than to immune-mediated response.^ 

Synovitis 

Synovitis has been noted in clinical series that do not 
utilize glutaraldehyde or ethylene oxide in the treatment 
of the allografts. Milachowski et aF^ noted effusion or 
synovitis with four of the six deep-frozen allografts, none 
of which had significant antibody levels. An intense sy- 
novitis was noted in the case that was attributed to acute 
rejection. No tissue typing was performed; however, the 
clinical course and pathology resembled a host-versus- 
graft reaction. 

Late Problems 

As with most procedures on the knee, persistent pain 
and arthrofibrosis have been reported. Goble and 
Wilcox^^ have removed one meniscus because of per- 



sistent pain. Arthrofibrosis is not commonly reported. 
When meniscal transplants are combined with other pro- 
cedures, such as ACL reconstruction, the risk of arthrofi- 
brosis is higher.^^’^^ 

PREVENTION 

Because there is no salvage for many of the problems 
that have been discussed, prevention of meniscal trans- 
plantation complications and pitfalls is critical. Much of 
the prevention rests in preoperative planning, and the 
majority of crucial decisions in meniscal transplantation 
are made prior to entering the operating room. Menis- 
cus transplantation is extremely technically demanding 
with a steep learning curve; therefore, attention to de- 
tail is required. 

Technical Factors 

Although we did not identify any nerve injuries reported 
in the literature, they could be considered as a risk in 
the meniscal allograft transplantation procedure. Austin^^ 
has recommended performing meniscus repairs on the 
lateral side with the knee in 90 degrees of flexion to 
avoid the peroneal nerve. Most authors recommend 10 
to 30 degrees of knee flexion for medial meniscus 
repair. 

Graft Selection 

Unless one practices in a location that has an active or- 
gan transplantation program, fresh meniscal tissue sim- 
ply is not an option. If fresh tissue is available, sterility 
and disease are more of a concern than with the vari- 
ety of frozen alternatives. Two series in the literature 
have reported more shrinkage with lyophilized tissue 
than with deep-frozen tissue^^’^^ (Table 7.2). For most 
surgeons, that leaves cryopreserved and deep frozen tis- 
sue. The primary difference is a viable cell population. 
Cryopreserved tissue has a population of viable cells, al- 
though small, that could aid in graft incorporation by 
manufacturing components needed for the menis- 
cus. ^^42 jhg Yo\e of a viable cell population is unset- 
tled at this point. Although gamma irradiation likely al- 
ters the mechanical properties of the meniscus in a dose 
dependent manner,^ this is the process of choice for 
secondary sterilization. 

Sizing 

At this time plain radiograghs appear to be as accurate 
as, or even more accurate than, MRI or CT.^’^^ Fur- 
thermore, x-rays are less expensive, less time-consum- 
ing, and technically easier. If one is uncertain as to the 
correct size, a larger meniscus can be sized by remov- 
ing peripheral tissue from the meniscus allograft. 




Bone Plug Fracture 

Bone plug fracture may occur during insertion of the 
graft into the knee. A technique has been devised to 
minimize this possibility. A counterincision is made over 
the appropriate posterior corner of the knee similar to 
the incision for inside-out meniscus repair. The graft is 
passed through this incision. The posterior horn is in- 
serted first by passing the sutures that are attached to 
the bone plug into the posterior tunnel with a suture 
passer or a malleable looped wire. The anterior horn 
sutures are passed through the ipsilateral anterior por- 
tal, thus decreasing the chance of anterior bone plug 
fracture. Once the anterior bone plug is in the knee, a 
suture passer or a malleable wire is passed through the 
anterior tunnel and out the portal where the sutures are 
retrieved. The sutures are passed out the tunnel and the 
bone plug is seated in the anterior tunnel^^ (Fig. 7.4). 

Patient Selection 

This is a difficult patient population, as all of these pa- 
tients have had previous knee surgery. The most com- 
mon complaint is pain. Only a small number of these 
patients may potentially benefit from this procedure. Pa- 
tient selection is critical to success. Complications or ef- 
fects from previous surgery such as reflex sympathetic 
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dystrophy (RSD), quadriceps atrophy, decreased patel- 
lar mobility, decreased range of motion, and decondi- 
tioning are routine. Many patients have concomitant 
problems such as ligamentous laxity, DJD, and malalign- 
ment. It is not uncommon for these patients to be on 
oral narcotics or pain-management treatment of chronic 
knee pain. Social dysfunction is common. Many of these 
patients are unable or unwilling to work and have been 
out of work for prolonged periods of time. Often there 
is some degree of marital discord related to the patient’s 
disability. Anger at the medical system is not unusual, 
as these patients have often seen many physicians and 
have few objective findings such as swelling or x-ray find- 
ings. Usually these patients have been told there is lit- 
tle that can be done for them. The amount of success 
that has been achieved in this population by meniscus 
transplantation is remarkable, in the senior author’s ex- 
perience. After meniscus transplantation, there has been 
a cessation of, or significant reduction in, narcotics use. 

Chondral or articular cartilage changes are beyond 
the control of the surgeon. One can only select the ap- 
propriate procedure to address the amount of articular 
disease that is present in the patient. The most reliable 
results have been in patients with Outerbridge grade I 
and II articular damage (Cryolite, personal communica- 
tion to Goble and Kane).^’^^’^^ However, there have 
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Figure 7.4. Schematic drawing 
showing insertion, passage, and 
seating of a lateral meniscal 
allograft. 
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Table 7.3. Relationship of chondral changes to the results from meniscal transplantation 

Grade I or II Outerbridge Grade III or IV Outerbridge 

'‘minimal or no change'' “advanced chondral changes" 



Author and Series 


Success 


Failure 


Success 


Failure 


Garrett^ 

Second-look arthroscopy 






2/9 


6/9 


Noyes^^ 

Second-look arthroscopy 






27/45 


18/45 


Shelton and Dukes^^ 


9/10 


1/10 


2/4 


2/4 


8/14 Second-look arthroscopy 
Goble and Wilcox^^ 






46/49 


3/49 


No second-look arthroscopy 











been good results reported in advanced tibial femoral 
articular changes^^’"^^ (Table 7.3). All efforts should be 
made to address ligamentous laxity either at the time of 
the transplant or as a separate procedure. Similarly, 
malalignment should be addressed by an osteotomy ei- 
ther simultaneously or as a staged procedure. 

Horn Incorporation 

As highlighted in the previous discussion on horn incor- 
poration, use of bone plugs is important not only to en- 
sure horn incorporation, but also to improve chances of 
meniscal body survival.^^ The precise tunnel placement 
and pertinent anatomy have been described.^^ The an- 
terior horn of the medial meniscus is bounded by the an- 
terior border of the ACL tibial insertion, articular margin 
of the anteromedial plateau, and anterior intercondylar 



fossa. The posterior horn of the medial meniscus is de- 
fined by the posterior cruciate ligament (PCL), the me- 
dial tibial spine, and the articular margin of the posterior 
medial tibial plateau. The anterior horn of the lateral 
meniscus is posterior to the anterior horn of the medial 
meniscus, and the posterior horn of the lateral meniscus 
is anterior to the posterior horn of the medial meniscus. 
In fact the anterior and posterior horns of the lateral 
meniscus very nearly touch and the lateral meniscus is 
0-shaped when viewed from above. The anterior horn 
of the lateral meniscus is at the level of the anterior half 
of the ACL tibial insertion, and placed adjacent to the 
articular margin of the anterior lateral tibial plateau. The 
posterior horn of the lateral meniscus is at the posterior 
border of the ACL tibial insertion, lateral tibial insertion, 
and the articular margin of the posterolateral tibial 
plateau^ ^ (Table 7.4; Figs. 7.5 through 7.11). 



Table 7.4. Arthroscopic portals and landmarks for each meniscal horn bony insertion site 





Portal for 
arthroscope 


Port for 

endoscopic guide 


Arthroscopic landmarks 


Anterior horn medial meniscus 


Anteromedial 


Anterolateral 


1 . Anterior border ACL tibial insertion 

2. Articular margin of anteromedial 
tibial plateau 

3. Anterior intercondylar fossa 


Posterior horn medial meniscus 


Posteromedial 


Anterolateral 


1. PCL 

2. Medial tibial spine 

3. Articular margin posteromedial 
tibial plateau 


Anterior horn lateral meniscus 


Anterolateral 


Anteromedial 


1. Anterior half of ACL tibial insertion 

2. Lateral tibial spine 

3. Articular margin of anterolateral 
tibial plateau 


Posterior horn lateral meniscus 


Anterolateral 


Anteromedial 


1. Posterior border ACL tibial 
insertion 

2. Lateral tibial spine 

3. Articular margin posterolateral 
tibial plateau 



ACL, anterior cruciate ligament; PCL, posterior cruciate ligament. 
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Figure 7.5. Arthroscopic visualization and arthroscopic drill 
guide placement for a lateral mensicus. The arthroscope is 
placed in the anterolateral portal and the drill guide is placed 
in the anteromedial portal. A: Positioning of the arthroscope 
and drill guide for the anterior horn tunnel. B: Instrument po- 
sitioning to drill the posterior tunnel for the lateral meniscus. 
(From ref. 61, with permission.) 





Figure 7.6. Arthroscopic visualization and drill-guide place- 
ment for the medial meniscus. A: For the anterior horn, the 
arthroscope is placed in the anteromedial portal with the ar- 
throscopic drill guide in the anterolateral portal. B: For the 
posterior horn, the arthroscope is placed in the posterome- 
dial portal with the arthroscopic drill guide again placed in the 
anterolateral portal. (From ref. 61, with permission.) 



Placing the tunnels in a divergent fashion has been 
recommended to minimize the possibility of fracturing 
between the tunnels. A minimum of 1 cm between the 
tunnels protects against this complication^^ (Fig. 7.4). 

Shrinkage 

The method of preservation is the factor most associ- 
ated in the literature with this undesirable result. Gar- 
rett, who used fresh and cryopreserved mensci in his 
two series, had no shrinkage in his first series of six pa- 
tients and only one in his second series of 43 patients. 
In two similar series by separate authors, both of which 



consisted of deep-frozen grafts and lyophilized grafts, 
the lyophilized groups had more shrinkage than the 
deep-frozen groups. The other factor that has been 
implicated is the use of suture on the horns. Both the 
Milachowski et aP^ and Kohn and Wirth^^ series used 
suture to fix the horns. Cryolife, Inc. has related shrink- 
age of the graft to inadequate horn fixation (Fig. 7.12).^^ 
There appear to be two factors responsible for shrink- 
age; unfortunately, both were present in the two re- 
ported series with significant shrinkage. So it is uncer- 
tain which factor is most important and linked directly 
to the shrinkage. Horn fixation with suture fixation has 
not been favored, for other reasons (Table 7.2). 
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Figure 7.7. Bony insertion site for the anterior horn of the medial meniscus. A: Arthroscopic view. B: Gross dissection. Arrows 
indicate bony insertion site. ACL, anterior cruciate ligament; MFC, medial femoral condyle; TS, tibial spine; tp, tibial plateau; 
L.M., lateral meniscus. (From ref. 61, with permission.) 



Synovitis 

Although there have been reports of unexplained syn- 
ovitis, the preventable causes of synovitis have been eth- 
ylene oxide^^’^^’^^ and glutaraldehyde.^^ 

Late Problems 

The prevention of persistent pain after surgery is at this 
point a matter of wishful thinking. The primary protec- 
tion against this rare but agonizing problem is adequate 



screening of patients preoperatively. Patient selection 
may also be helpful in avoiding arthrofibrosis. These pa- 
tients have all had at least one operation, so it is pos- 
sible to gauge how the patient reacts to surgery, the 
amount of postoperative pain, compliance, and pro- 
gression after surgery. The usual precautions in knee 
surgery apply here: achieve motion before surgery and 
early motion postoperatively^^; emphasize full, early ex- 
tension^^; presribe physiotherapy; and stage multiple 
surgeries. 





Figure 7.8. Bony insertion site for the posterior horn of the medial meniscus. A: Gross dissection. Arrows indicate bony inser- 
tion site. B: Arthroscopic view. (From ref. 61, with permission.) 
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Figure 7.9. Bony insertion site for the anterior horn of the 
lateral meniscus. Gross dissection. Arrows indicate bony in- 
sertion site. 1. M., intermeniscal ligament. (From ref. 61, with 
permission.) 



SALVAGE 

Bone plug fracture is usually a problem that is easily sal- 
vaged. The part of the bone plug that fractures is usu- 
ally the portion at the tip, because the tip is smaller and 
more easily fractured. If not already done, through a 
small arthrotomy a second suture is looped through the 
horn attachment of the meniscus into bone. This suture 
can then be used to guide the remaining bone plug and 




Figure 7.10. Bony insertion site for the posterior horn of the 
lateral meniscus. Gross dissection. Arrows indicate bony in- 
sertion site. (From ref. 61, with permission.) 




Figure 7.11. Diagram of an axial view of a right tibial plateau 
meniscal horn insertions. Note the intimate association of the 
lateral meniscal horn insertions with that of the ACL and also 
their close proximity to one another. (From ref. 61, with per- 
mission.) 

horn insertion into the bone tunnel. The sutures can be 
tied in the customary fashion over the bone bridge. 

Other than bone plug fracture, salvage in meniscal 
allograft is limited to a few options: partial or complete 
menisectomy,^^’^^ reattachment of the meniscal horns, 
reattachment of the meniscal body,^"^ surgical applica- 
tion of residual ligamentous laxity, and osteotomy for 
malalignment. There have been reports in the literature 
of reattaching a detached meniscal body with suture. 

In the series reported by Milachowski et al,^^ a portion 
of a meniscus was removed and the remainder repaired 
after an injury. The patient remained asymptomatic af- 
ter the secondary procedure. However, the majority of 
times the failure of meniscal body incorporation is away 
from the healed periphery of the meniscus and lends it- 
self more readily to partial menisectomy.^^’^^ 

Infection has been salvaged with the usual measures, 
including irrigation, debridement, and antibiotics.^^ At 
least two menisci have been removed in the course of 
treating infection. Both Shelton and Dukes^^ and Goble 
and Wilcox^^ have each removed a meniscal allograft 
to clear infection. 

In the reported case of possible acute rejection, the 
meniscus was removed as a salvage procedure. 

When stiffness is unpreventable, it has been salvaged 
with manipulation under anesthesia. Dowdy et al^^ ma- 
nipulated one of his 20 patients for persistent stiffness. 
The patient had both menisci transplanted and the ACL 
reconstructed. 

Malalignment can be salvaged post-meniscus trans- 
plant with an osteotomy after surgery if the extent of 
the patient’s deformity is not appreciated before surgery. 
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Figure 7.12. Second-look arthroscopy. 39 yowm who is s/p 
3 months from a medial meniscal allograft. A: View of the 
posterior horn of the medial meniscal allograft, performed 
with bone plug fixation of the meniscal horn. B: The periph- 
ery of meniscus shows synovial proliferation. 



CONCLUSIONS 

1. Because salvage options are limited, prevention of 
problems in meniscal transplantation is the key to 
success. 

2. Fresh frozen or cryopreserved tissue is preferred over 
freeze dried. The clinically reported results of fresh 
tissue have been among the best in the literature; 
however, it is of limited availability and the practical 
matters of storage and disease transmission are dif- 
ficult to manage. 



3. Plain radiographs are the most cost-efficient method 
of preoperative sizing. 

4. Patient selection is of critical importance. 

• The best results of meniscus transplantation have 
been with patients with minimal articular surface 
changes. 

• Correct knee malalignment at the time of menis- 
cus transplantation or in a staged fashion. 

• Surgically address ligamentous laxity before the 
transplantation or simultaneously. Ligamentous 
laxity adversely affects graft incorporation. 

5. Use of bone plugs or a bone bridge will improve the 
clinical results of transplantation, increase the prob- 
ability of meniscus body incorporation, may decrease 
shrinkage, and may reduce extrusion. 

6. The results of currently reported series have been 
encouraging in a difficult patient population. 
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t has become generally accepted that hamstring ten- 
don autografts are an effective graft for replacement 
of the anterior cruciate ligament (ACL).^“^ They of- 
fer several advantages over other commonly used auto- 
grafts, such as patellar tendons. Hamstring tendons, 
when doubled and combined, provide strong grafts with 
stiffness characteristics similar to a normal ACL.^ They 
have a large surface area for revascularization and their 
precise positioning is facilitated by not having a bone 
block attached. 

When the semitendinosus and gracilis tendons are 
both doubled or if the semitendinosus tendon is quadru- 
pled and utilized as an ACL graft, a large-diameter, 
strong ACL substitute is created. This construct has a 
significantly greater cross-sectional area of collagen than 
a 10-mm-wide patellar tendon graft. The collagen cross- 
sectional area is numerically represented in Fig. 8.1. Not 
only is the cross-sectional area of collagen greater with 
hamstring tendon grafts, but the ability to precisely place 
the graft is enhanced over that of patellar tendon grafts 
in that both tunnels can be created in the desired loca- 
tions and can then be completely filled with collagen. 
When the patellar tendon with an associated bone block 
is utilized as a graft, it is necessary to drill bone tunnels 
larger than those needed for the collagen portion of the 
graft, and the precise position of the collagen can then 
be distorted by the position of the bone blocks and fix- 
ation devices (Fig. 8.2). It is often not possible to place 
both bone blocks at the entrance into the intraarticular 
space due to the variable length of the collagen portion 
of the grafts. This necessitates recessing one or both 
bone blocks, allowing a loose fit of the collagen in the 
overdrilled tunnel. With hamstring tendon grafts, tun- 
nels can be created so that the graft fits tightly within 
the tunnel. The ability of a multistranded graft to obtain 



nutrition either by diffusion or by vascular ingrowth is 
enhanced over that of a solid graft due to the increased 
surface area and smaller depth of penetration needed 
for either revascularization or nutrient diffusion to each 
strand of the graft. 

Hamstring tendon autografts, when used as ACL sub- 
stitutes, produce a graft with stiffness charactertistics 
more similar to normal ACL than patellar tendon auto- 
grafts.^ Since hamstring tendon grafts are not overly 
stiff, they allow more leeway when tensioning the re- 
construction, making overconstraint of the joint less 
likely. Studies by Steiner et al^ and Rowden et al^ have 
demonstrated that when hamstring tendon grafts are 
fixed by appropriate techniques, the initial fixation 
strength of the construct is greater than that of bone 
blocks fixed with interference fit screws. A study by 
Rodeo et aF^ has documented the process of tendon 
healing in bone tunnels and has demonstrated that bio- 
logic fixation in this situation occurs relatively early. Lane 
et aF^ have studied the histology and biochemistry of 
semitendinosus tendon grafts 4 years after implantation. 
This study showed changes in the collagen crimp pat- 
tern, cell type, glucosaminoglycan composition, and col- 
lagen cross-linking, suggesting a structural change to- 
ward that of a normal ACL. 

Probably the most compelling advantage of the use 
of hamstring tendon autografts for ACL reconstruction 
is the apparent decreased surgical morbidity associated 
with this procedure. Postoperative problems with mo- 
tion and patellofemoral irritation appear to be rare fol- 
lowing ACL reconstruction with hamstring tendons. A 
study by Hormel et aF has shown a success rate when 
utilizing hamstring tendons for ACL reconstruction com- 
parable to published results using patellar tendon auto- 
grafts. Their study showed satisfactory results in both 
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CROSS-SECTIONAL AREA 
OF GRAFTS 

RECTANGULAR GRAFT (H 3 x W) 

PATELLAR TENDON 
10 mm X 3 mm = 30 mm^ 

CIRCULAR GRAFT {U r^) 

TUNNEL DIAMETER: AREA 

6 mm = 28 mm^ 

7 mm = 38 mm^ 

8 mm = 50 mm^ 

9 mm = 64 mm^ 

10 mm = 79 mm^ 

Figure 8.1. The cross-sectional area of collagen available to 
serve as an anterior cruciate ligament (ACL) replacement is 
significantly greater when utilizing multiple strands of ham- 
string tendons than that provided by a patellar tendon graft. 

acute and chronic situations and showed that knees sta- 
ble at 1 year remained stable at 3 years. O’Neill^^ pub- 
lished similar results demonstrating no significant dif- 
ference in results when comparing ACL reconstructions 
with patellar tendon or hamstring tendons either acutely 
or chronically. Feagin and coworkers^^ also demon- 
strated no significant difference in results when com- 
paring ACL reconstructions with hamstrings to those 
with patellar tendons. They also showed no deteriora- 
tion of results between 2 and 10 years postoperation in 
either group. 

Although complications with the use of hamstring 
tendons in ACL reconstruction are rare, they can arise 
and can be classified into categories as follows: (1) com- 
plications associated with graft harvest, (2) complications 




Figure 8.2. The location of the collagen portion of the graft 
(cross-hatched) is better controlled when the tunnel is com- 
pletely filled with a soft tissue graft (A) than when a bone 
block and fixation device also are placed within the tunnel. 
(B) A snug fit of the collagen within the tunnel is also better 
accomplished with soft tissue grafts. 



of graft placement, (3) complications of graft fixation, 

(4) postoperative complications at the donor site, and 

(5) complications with the implanted graft. The follow- 
ing sections discuss in detail the potential complications 
in each category and make suggestions for avoiding 
them or dealing with them should they occur. 

COMPLICATIONS ASSOCIATED 
WITH HARVEST OF HAMSTRING 
TENDON AUTOGRAFTS 

A potential disadvantage of the use of hamstring ten- 
don autografts is inconsistency in the grafts obtained. 
Inconsistency can be due to anatomically small tendons, 
short tendons, or to difficulties with the harvest tech- 
nique that result in suboptimal graft length. The tech- 
nical difficulty occasionally encountered with hamstring 
tendon harvest is one of the primary disadvantages to 
the use of these tendons. Less commonly, saphenous 
nerve injuries can occur and harvest-site hematomas can 
accumulate. 

Insufficient tendon length can usually be avoided by 
strict attention to detail during the tendon harvesting. 
Also, newer endoscopic techniques of fixation require a 
shorter graft for reconstruction, thus decreasing the risk 
of inadequate graft length. 

In the past, an open incision in the posterior thigh 
was frequently utilized to obtain hamstring tendon grafts. 
It is now generally accepted that superior grafts with 
reduced morbidity can be obtained with the use of a 
tendon stripper. To successfully harvest the maximal 
amount of graft available, however, it is imperative to 
pay strict attention to the anatomy and the potential 
variations. It is especially important to clearly identify 
and separate the semitendinosus and gracilis tendons 
and to then identify and section all extraneous bands 
that might deflect a tendon stripper. This can usually be 
done by exposing the pes anserinus, incising the su- 
perficial tissue layer, and then identifying the combined 
insertion of both the semitendinosus and gracilis ten- 
dons. The two tendons are usually fused together near 
their point of insertion into the tibia, but can be clearly 
separated a few centimeters proximal to their insertion. 
If the two tendons are identifed and then traced to the 
tibia and released together, they can usually be sepa- 
rated by inverting them. From the undersurface it is 
much easier to identify the separation between the two. 
Once each tendon has been isolated, all extraneous in- 
sertions need to be identified and sectioned. There are 
consistent bands that run from both tendons to the 
medial head of gastrocnemius muscle (Fig. 8.3). These 
bands are frequently multiple. They can best be identi- 
fied by pulling hard upon each tendon individually. This 
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Figure 8.3. The semitendinosus (A) and gracilis (B) tendons 
must be isolated and separated prior to harvesting. Extrane- 
ous bands of tissue that consistently run from both tendons 
to the medial head of the gastrocnemius (C) must be identi- 
fied and released prior to passing a tendon stripper to avoid 
deflecting the stripper and cutting the tendon short of the de- 
sired length. 

breaks up small adhesions and often delivers the extra- 
neous bands into a positon where they can be well vi- 
sualized and sectioned. 

It is usually possible to pass a finger up to the mus- 
cle belly to be certain that all bands have been sectioned. 
If this precaution is not taken, it is possible for the ten- 
don stripper to follow an aberrant pathway and sever 
the tendon far short of maximal length. This often re- 
sults in a graft that is too short to be used in a double- 
loop fashion. 

In general, grafts of 28 to 30 cm in length are ob- 
tained when harvested with a tendon stripper. Most of- 
ten the two tendons are of nearly equal length. For most 
endoscopic techniques, a graft length of 22 to 24 cm 
in length is sufficient. Therefore, with endoscopic tech- 
niques the most robust portion of each tendon can be 
utilized, and tapered ends can be debrided from the 
grafts. 

If one or both tendons are of insufficient length to 
be doubled and fixed at both ends in a standard fash- 
ion, length can be added to the tendons by utilizing a 
Mercilene or Dacron tape. When a two-incision tech- 
nique is utilized, a Mercilene or Dacron loop allows the 
graft to recess into the femoral tunnel, providing added 
length for direct fixation on the tibia. The tape is fixed 



at the entrance to the femoral tunnel. With endoscopic 
fixation on the femur, less graft is needed on the femoral 
side of the joint; therefore, shorter grafts can be utilized 
effectively. 

Neuropraxia of a portion of the intrapatellar branch 
of the saphenous nerve is not uncommon following 
hamstring tendon harvest, and occasionally neuropraxia 
in the major distribution of the saphenous nerve occurs. 
This results in numbness in a portion of the nerve dis- 
tribution (Fig. 8.4). The sensation in this sensory nerve 
distribution usually returns; however, it may take several 
months, and it is advisable to alert patients to this pos- 
sibility before surgery. Neuromas of the saphenous nerve 
do not appear to be a problem in hamstring tendon har- 
vest with tendon strippers. Bleeding is rarely a problem 
at the harvest site, but if, after the tourniquet is deflated, 
bleeding is more than expected, extension of the inci- 
sion may be required to identify and cauterize the source. 
If bleeding is not well controlled, a drain at the harvest 
site should be considered. 




Saphef^ous nefve 



Figure 8.4. Postoperative numbness can occur in the saphe- 
nous nerve distribution or intrapatellar branch. Incisions, 
swelling, or hamstring graft harvest can contribute to this phe- 
nomenon. Patients should be warned of the possibility of 
numbness in the distribution of these sensory nerves. 
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COMPLICATIONS OF GRAFT PLACEMENT 

For an ACL reconstruction with hamstring tendons or 
any other graft to be successful, the graft must be placed 
so that it is not overstrained as the knee passes through 
a full range of motion and so that it does not impinge 
against the bony anatomy of the intercondylar notch, 
particularly at terminal extension. A study by Sidles et 
aF^ has shown that this can usually be accomplished by 
placing the tibial tunnel in a central positon and the 
femoral tunnel high and to the extreme back of the in- 
tercondylar notch. This study was performed utilizing in- 
teractive computer graphics and digitized normal knee 
anatomy. It also utilized normal knee motion patterns 
controlled by intact ligaments. The study demonstrated 
that femoral attachment points depend upon tibial at- 
tachment points. To maximize the acceptable comple- 
mentary area on the femur and to avoid terminal ex- 
tension notch impingement, a central tibial tunnel was 
most appropriate. A central tibial tunnel is defined as a 
tunnel centered at the anatomic center of the ACL tib- 
ial attachment site. It can be found arthroscopically by 
placing a guide pin and then observing it as the knee is 
extended. The guide pin should be directly adjacent to 
the posterior cruciate ligament (PCL) (Fig. 8. 5 A), and 
as the knee is extended it should move toward the apex 
of the notch. At full extension the pin should avoid the 
roof of the notch by at least the radius of the tunnel to 
be drilled (Fig. 8.5B). This will allow the graft to be 
unimpinged at terminal extension. If notch impingement 
occurs at terminal extension, premature graft failure is 



likely, as demonstrated by Howell and Taylor. If the 
initial guide pin is less than optimal, the position can be 
fine-tuned with the use of a guide that will allow a sec- 
ond pin to be placed parallel to the first. The adequacy 
of lateral notch clearance can also be checked by this 
method. 

Relative to a central tibial attachment site the length 
changes to the femur are demonstrated in Fig. 8.6. This 
diagram demonstrates that there is an area on the fe- 
mur relative to a central tibial attachment site that un- 
dergoes less than 5% strain and is located high and to 
the extreme back of the intercondylar notch. This area 
extends to the “over-the-top” area. To consistently cre- 
ate the femoral tunnel in the appropriate position, the 
tunnel should be centered at either the 11 o’clock or 1 
o’clock position and the center of the tunnel should be 
no further than 5 mm from the over-the-top area. This 
area can be conveniently reached with a two-incision 
technique and a “rear-entry” guide. The area can also 
be reached through an appropriately placed tibial tun- 
nel utilizing an over-the-top referencing guide with a 5- 
mm offset. By creating the femoral tunnel endoscopi- 
cally, a straighter pathway can be maintained for the 
graft through the tibial tunnel and to its fixation point 
in the femoral tunnel. This avoids the excessive angle 
that the graft must bend in the frontal plane when uti- 
lizing the two-incision technique and outside-in drilling 
on the femur. 

The use of an isometer offers no advantage in ob- 
taining the correct position of the femoral tunnel. Bony 
landmarks are all that are necessary to consistently place 




Figure 8.5. A guide pin should be placed in the proposed position of the tibial tunnel to verify the desired location prior to 
overdrilling. The initial placement of the pin should be in the center of the anatomic footprint and adjacent to the posterior cru- 
ciate ligament (PCL) (A). The knee should then be extended and the guide pin should move directly toward the apex of the notch, 
and at the terminal extension the guide pin should be short of touching the superior notch by at least the radius of the tunnel 
to be drilled (B). 
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Figure 8.6. This “isometry map” shows the length changes 
on the femur relative to a central tibial attachment site, 
demonstrating that the areas of least strain are high and to 
the extreme back of the intercondylar notch. 



Figure 8.7. With proper tibial tunnel placement the femoral 
tunnel can be drilled through the tibial tunnel in a straight line 
as noted. The femoral placement should be to the extreme 
back of the intercondylar notch, and the medial edge should 
extend to the 12 o’clock position as shown 



the tunnels accurately. When testing for isometry with 
an isometer, there is no guarantee that the motion pat- 
terns that the knee is being placed through are the de- 
sired motion pattern, since the knee is ACL deficient. 
Also, if the isometry testing is performed correctly, it 
would lead to a point on the femur of least strain for a 
single fiber. This is not the position where a drill hole 
should be centered. If that position, which is approxi- 
mately 1 cm from the back of the intercondylar notch, 
were utilized as the center of a drill hole, the forward- 
most part of the drill hole would be in an area of un- 
acceptable strain. It would be further moved forward by 
chamfering at the tunnel edge. The appropriate tunnel 
can be placed by knowing where the extreme back 
of the intercondylar notch is located and where the 1 1 
o’clock or 1 o’clock position is in the notch. The proper 
positions of the tibial and femoral tunnels are demon- 
strated in Fig. 8.7. 

COMPLICATIONS OF FIXATION 

Many options are now available for fixation of hamstring 
tendons when used for ACL reconstruction. When prop- 
erly fixed, early loosening of hamstring tendon grafts 
should not be a problem. The recent studies by Steiner 
et al^ and Rowden^ demonstrate that when properly 
fixed, the initial pullout strength of hamstring tendon 
grafts exceeds that of patellar tendon bone blocks fixed 
with interference fit screws. Tensile strength to failure, 
however, is not the only important factor related to graft 



fixation. Construct elongation prior to failure is also a 
critical factor as it relates to the function of an ACL 
graft. The effective length of the construct is also an im- 
portant consideration as it can effect eventual elonga- 
tion. 

Many systems are available for fixing hamstring ten- 
don grafts, and they fall into several broad categories as 
follows: (1) sutures tied to a post or over buttons, (2) 
screws and washers, (3) staples, (4) interference fit 
screws, and (5) cross-pin techniques. Many suggested 
fixation techniques involve combinations of the above 
methods. In this section the basic principles of fixation 
and tensioning are discussed, and then each suggested 
technique for fixation is discussed, along with its rela- 
tive advantages, relative disadvantages, potential com- 
plications, and methods for avoiding complications. 

To take maximal advantage of a four-bundled graft, 
it is necessary to create nearly equal tension in all limbs 
of the grafts. The strength of the graft is nearly pro- 
portional to the individual strengths of each bundle 
added, as shown by Brown et al.^^ Most techniques 
therefore utilize initial fixation on the femur, with sec- 
ondary tensioning and fixation to the tibia. To facilitate 
tendon healing in a bone tunnel, it is important to cre- 
ate the smallest tunnels possible so that the grafts fit 
snuggly within them. Fixation devices that require over- 
drilling of tunnels have the potential to compromise ten- 
don healing within the tunnel. Some suggested fixation 
methods include bone grafting of overdrilled tunnels. 
When grafts need to share the tunnel with interference 
fit fixation devices, the potential exists to change the 
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position of the graft within the tunnel and to interfere 
with full-radius healing of the graft to the tunnel. To 
limit motion within bone tunnels and to best assure de- 
sired isometry, it is preferable to fix the grafts as close 
to their entry into the intraarticular space as possible. 
All fixation devices should be easily retrieved so as not 
to compromise possible revision surgery. 

From the above it is obvious that no fixation tech- 
nique is ideal in all aspects. Fortunately, most commonly 
used techniques provide adequate fixation when prop- 
erly utilized. Following is a discussion of each general 
catergory of fixation and the potential complications of 
each. Tips for avoiding complications will be addressed. 

Fixation with Sutures and Buttons or Posts 

The weak link in any technique utilizing sutures is the 
suture material itself and the inherent creep in knots 
that are utilized. When utilized properly, however, this 
technique has been shown to be effective in fixing ham- 
string tendon grafts used for ACL reconstruction. It is 
imperative to use a suture technique that does not slip 
within the tendon tissue and to extend it beyond the ta- 
pered ends into robust healthy tendon. Either a Bunnell 
or Krakow^^ stitch should be utilized to improve fixa- 
tion of the suture material to the tendon, and the su- 
ture material should be of sufficient stiffness. Square 
knots should be utilized when securing sutures so as to 
minimize slippage. It is advisable to apply tension to the 
construct for a period of time prior to final fixation to 
remove creep from the system. Fixation of hamstring 
tendon grafts with suture is much more problematic than 
the fixation of bone blocks with suture where a consid- 
erable amount of interference fit of the bone blocks in 
the tunnels helps faciliate the initial strength. The ad- 
vantage of suture fixation is that suture material is in- 
expensive and readily available. The disadvantage of this 
technique is that it is the weakest of the commonly uti- 
lized methods for graft fixation, and there is the poten- 
tial for considerable creep in the system if meticulous 
attention is not paid to suture technique, knot tying, and 
preconditioning of the construct. 

The Endobutton (Fig. 8.8) is a commonly utilized form 
of femoral fixation that is an extension of the suture and 
button fixation technique. This technique utilizes an en- 
doscopically placed button on the anterolateral femoral 
cortex, and the button is attached to the graft with tape 
or with sutures. This technique has the advantage of 
tightly placing the graft within the femoral tunnel. The 
disadvantage is that the tape or suture connection be- 
tween the graft and Endobutton has the same inherent 
risk of other suture techniques, that is, the tendency to 
have creep within the system. In an attempt to elimi- 
nate the knot as a source of potential construct elon- 




Figure 8.8. The Endobutton can be utilized to endoscopically 
fix the hamstring tendon grafts to the femur; a tape of vari- 
able length connects the Endobutton to the graft. 

gation, a newer version of the Endobutton has been de- 
veloped that has preattached tapes of various lengths, 
avoiding the need to tie a knot. 

Another potential complication with the use of the 
Endobutton occurs when placing the Endobutton within 
the soft tissues rather than against the anterior femoral 
cortex. Simonian et aF^ have shown that this compli- 
cation can be avoided by drilling the femoral socket no 
more than 10 mm deeper than the desired depth of 
graft penetration. It is necessary to drill the femoral tun- 
nel 6 mm deeper than graft penetration to allow flip- 
ping of the Endobutton on the anterior cortex. The ad- 
ditional 4 mm helps facilitate this, but it is not so deep 
as to allow the Endobutton to enter the overlying soft 
tissues. The stiffness of a construct utilizing an Endo- 
button is equal to the stiffness of the tapes connecting 
the Endobutton to the hamstring tendon grafts. To ob- 
tain sufficient stiffness, it is necessary to use a stiff tape 
or to double the tape to increase stiffness. 

Fixation with Screws and Washers 

The use of screws and washers has been shown to be 
an effective way of fixing soft tissue grafts. The fixation 
strength of a washer is proportional to the contact be- 
tween the washer and the graft. Therefore, washers of 
larger diameters are more effective than washers of 
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smaller diameters. Steiner et al^ have shown that the 
use of two screws and washers greatly increases the fix- 
ation strength over the use of a single screw and washer. 
The use of a suture technique as well as screw and 
washer fixation also strengthens the construct by ex- 
tending the fixation into the robust portion of a graft 
and making slippage of the graft under the washer less 
likely. Washers have the potential for pressure necrosis 
of the graft and should have steps or posts to limit their 
penetration. The major disadvantage of utilizing screws 
and washers for graft fixation is that fixation must usu- 
ally be done outside the tunnels and at a distance from 
the tunnel entrance points into the joint. This creates a 
greater length of the construct between fixation points, 
which may be of minimal importance if the grafts fit 
snuggly within the tunnels. Washers also occasionally 
cause irritation to the overlying skin and need to be re- 
moved. Occasionally a bursa or ganglion will develop 
over a washer and must be treated by screw and washer 
removal. 

Fixation with Staples 

Staples are still utilized on occasion for the fixation of 
hamstring tendon grafts. They offer the advantage of 
being relatively inexpensive and available. However, 
they have been shown to provide some of the least se- 
cure fixation, particularly if only one staple is used to 
secure the tendon. If two staples are utilized to provide 
a “belt-buckle” technique of fixation, much greater pull- 
out strength can be obtained. However, this technique 
produces a fairly bulky effect often requiring staple re- 
moval. Staple removal is also quite difficult when com- 
pared to removing a screw and washer. The use of a 
staple also has a high potential of traumatizing the graft 
at the point of fixation. Staples also are generally used 
outside of the bone tunnels; therefore, they have the 
same problem of “fixation at a distance” as do screws 
and washers. They do, however, allow for a tight fit of 
the grafts within the tunnels. 

Fixation with Interference Fit Screws 

Interference fit screws have recently become a fairly 
common way of fixing hamstring tendon grafts (Fig. 
8.9). Both metallic and bioabsorbable screws have been 
used. The bioabsorbable screws have the advantage of 
eventually dissolving and allowing full-radius healing of 
the graft, and have been shown to provide greater ini- 
tial fixation strength than comparably sized metallic 
screws. The bioabsorbable screws also have less of a 
chance of damaging the grafts during insertion. Inter- 
ference fit screws have the advantage of fixing the graft 
near its entrance into the intraarticular space, thus short- 
ening the length of the construct and improving stiff- 




Figure 8.9. Either metallic or bioabsorbable interference fit 
screws can be utilized to fix hamstring tendon grafts on both 
the femur and tibia. They work by compressing the graft ma- 
terial into the adjacent cancellous bone. They can distort the 
position of the collagen, and their placement must take this 
into consideration. 

ness. They have the disadvantages of distorting the po- 
sition of the graft within the tunnel and damaging the 
graft during insertion, and they make it more difficult to 
equally tension all bands of a multiply stranded graft. 
Since a tibial interference fit screw is usually inserted 
from outside in, it also is being inserted in the opposite 
direction to that in which tension is being applied to the 
graft, again adding a degree of uncertainty to the ten- 
sion obtained. With bioabsorbable screws there is also 
a question of how long the device remains and what re- 
places the device when it is removed. There is some re- 
cent evidence that these devices are replaced by bone 
relatively quickly. To obtain maximum fixation benefit 
from an interference fit screw, it must also be placed 
parallel to the tunnel between the graft wall and the 
graft. The ability to properly place an interference fit 
screw is in some cases facilitated by utilizing a cannu- 
lated screw over a guide pin. It has also been shown 
that to obtain the best initial pull-out strength from an 
interference fit screw, a screw should be used that is at 
least as large as the size of the tunnel drilled. 

Fixation by Cross-Pin Techniques 

The most rigid form of femoral fixation is to utilize a 
cross pin. This can be done with a two-tunnel technique 
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by looping the grafts around a screw and washer as they 
exit the femoral tunnel (Fig. 8.10), or it can be done 
endoscopically (Fig. 8.11), utilizing several commercially 
available techniques. Since a cross pin directly fixes the 
graft, this is a very rigid construct, avoiding the poten- 
tial creep that is present in systems utilizing tapes and 
sutures. It has potential disadvantages, however, in that 
it is sometimes technically difficult to be sure that the 
cross pin is looped by both tendons. Devices to help en- 
sure that this complication does not occur necessitate 
overdrilling the femoral tunnel, thus making graft fit 
against the tunnel walls less tight than desirable. Some 
cross-pinning techniques therefore utilize bone grafting 
techniques to help tighten the grafts in the tunnels. 

Although each method of femoral fixation of the 
hamstring tendon grafts has its own potential compli- 
cations and shortcomings, if attention is paid to detail 
most will provide adequate femoral fixation. A bigger 
problem in fixing hamstring tendons appears to be fix- 
ation on the tibia. Because the direction of the tunnel 
is in line with applied forces through the more func- 
tional ranges of knee motion, tibial fixation is even more 
critical than femoral fixation. Most of the previously de- 
scribed techniques of fixation have been utilized on the 
tibia, including sutures over buttons, staples, screw and 




Figure 8.10. Optimal femoral fixation is obtained by directly 
looping the grafts around a screw (post) and washer on the 
femur. Fixing the tendons outside of the tunnel, however, re- 
quires a thigh incision and wastes a significant portion of the 
graft in the femoral tunnel. This can on occasion complicate 
tibial fixation. 




Figure 8.11. Cross-pin techniques can also be utilized within 
the femoral tunnel, avoiding the additional femoral incision 
and shortening the amount of graft needed within the femur. 

washer fixation, interference fit screws, and cross-pin 
techniques. The most secure fixation on the tibia utilizes 
a suture technique as well as screw and washer direct 
fixation of the grafts. Although this is an effective way 
to fix the graft, the fixation is distant from the entry into 
the joint, and screws and washers are often prominent 
and require removal. To move the fixation closer to the 
entry point into the joint, screws and washers within the 
tibia tunnel have been utilized, as have interference fit 
screws. Interference fit screws have been used alone or 
as a means of augmenting other techniques. The abil- 
ity to properly tension the graft is facilitated by the use 
of sutures and the screw and washer, and it is suggested 
that this technique be maintained with the possible ad- 
dition of an interference fit screw to stabilize the graft 
at its entry into the joint. 

POSTOPERATIVE COMPLICATIONS 
AT THE DONOR SITE 

Significant complications related to the harvest of ham- 
string tendon autografts are rare. Minor complications 
are more common and include potential weakness due 
to the loss of the semitendinosus and gracilis muscle ten- 
don units, sensory changes in the saphenous nerve dis- 
tribution, and adhesions in the posterior thigh. 

Knee flexion strength following the harvest of semi- 
tendinosus and gracilis tendons is a concern that has 
been addressed by several investigators. Lipscomb et 
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al,^^ Aglietti et al,^^ and Karlson et aF^ have evaluated 
patients at 2 years or more following surgery and found 
no loss of knee flexion strength. Marder and colleagues^ 
and Kramer and associates'^ demonstrated statistically 
significant decreases in hamstring strength following 
harvest of the semitendinosus and gracilis tendons. 
Hormel et al^ evaluated patients 3 years postoperatively 
following the harvest of both semitendinosus and gra- 
cilis tendons for ACL reconstruction. They found an av- 
erage of 90% of knee flexion strength on the operated 
side when compared to the nonoperative side. Their 
study included several patients who had regained 100% 
of their knee flexion strength relative to the nonopera- 
tive side, suggesting that the results appear to be de- 
pendent on on the amount of rehabilitation the patient 
participates in. Yasuda et aF^ looked at the isolated ef- 
fects of graft harvest by studying patients who had ham- 
string tendon grafts harvested from the limb contralat- 
eral to the side being reconstructed. An initial loss of 
hamstring strength was noted; however, this was fully 
restored by 3 months postoperation. There is the po- 
tential to regain full knee flexion strength following the 
harvest of hamstring tendons for ACL reconstruction. 

Adhesions in the posterior thigh creating a “bunch- 
ing” effect were fairly common when open techniques 
were utilized to harvest the semitendinosus and gracilis 
tendons. After an open posterior thigh approach, scar- 
ring of the skin and subcutaneous fascia to the muscle 
belly was frequent and it appears to be the common 
cause of the skin retraction with knee flexion. This prob- 
lem has been almost completely eliminated by avoiding 
the posterior thigh incision and harvesting the tendon 
grafts with a tendon stripper. When the tendons are har- 
vested with a tendon stripper, asymmetry of the poste- 
rior thigh musculature is usually imperceptable. It was 
initially thought that retraction of the semitendinosus 
and gracilis tendon muscle bellies would be consider- 
able, but this has not been observed in the usual case. 
Neither visual posterior thigh inspection nor magnetic 
resonance imaging (MRI) has confirmed significant mus- 
cle belly retraction to occur routinely. Studies reported 
by Cross and colleagues^^ showed a reformation of the 
semitendinosus and gracilis tendons demonstrable by 
palpation during resisted flexion, MRI, and electromyo- 
gram (EMG) studies. Simonian et aF^ have also inves- 
tigated this phenomenon with MRI studies and have 
shown that tissue does indeed regenerate along the 
course of the semitendinosus and gracilis tendons. This 
tissue, however, is likely not functional. Simonian et al 
also demonstrated a slight proximal translation of the 
semitendinosus and gracilis muscle bellies but not to the 
extent that would be expected with complete distal de- 
tachment. This finding is probably due to the extensive 
origin of the muscles and attachments to surrounding 



structures. Although fortunately rare, occasionally ad- 
hesions or proximal muscle migration will occur, caus- 
ing a cosmetic deformity as demonstrated in Fig. 8.12. 

COMPLICATIONS WITH THE 
IMPLANTED GRAFTS 

Several studies in the literature compare hamstring ten- 
dons with patellar tendon autografts in ACL recon- 
struction. Older reports favor the long-term results with 
patellar tendons, but few of these reports used double 
loops of both semitendinosus and gracilis tendons or ap- 
plied the principles of graft placement and fixation that 
have been more recently appreciated. Several recent in- 
vestigations including those by Aglietti and coworkers, 
Marder and colleagues, and Feagin and colleagues 
have shown no appreciable difference in the results 



A 




Figure 8.12. On rare occasions adhesions may occur after 
hamstring harvest, causing skin retraction with hamstring con- 
tracture. A: Thigh relaxed. B: Hamstring contraction. 








86 



R.V. Larson 



with hannstring tendon autografts versus patellar tendon 
grafts. Studies such as those of Sgaglione et aF^ have 
reported long-term results with hamstring tendons for 
acute reconstructions that compare well with the results 
for patellar tendon reconstructions, yet patients with 
hamstring tendon reconstructions for chronic ACL de- 
ficiency showed a greater tendency for increased laxity 
at follow-up. 

Other researchers have suggested that hamstring ten- 
dons loosen over time. A 3-year follow-up study by 
Hormel et al^ of ACL reconstructions with double loops 
of semitendinosus and gracilis tendons demonstrated, 
with arthrometry testing, laxity results equal to published 
data on patellar tendon ACL reconstructions. Their 
study also noted no interval change in arthrometry data 
between 1 year and 3 years following surgery and no 
difference between those patients reconstructed acutely 
or chronically. This study collaborates the study of Fea- 
gin et al,^^ which showed no deterioration of results 
over time, and that of O’Neill, which showed saisfac- 
tory results in both acute and chronic cases. 

On occasion notch impingement can develop fol- 
lowing the implantation of hamstring tendon autografts, 
as it can following the implantation of patellar tendon 
autografts. The development of notch impingement oc- 
curs despite carefully ensuring it did not exist at the time 
of graft implantation. The development of this compli- 
cation occurs when either the graft enlarges in size dur- 
ing healing or the prepared notch becomes smaller. 
When the impingement develops, it may result in the 
failure of some of the anterior fibers of the graft, and 
these fibers may ball up in the anterior portion of the 
notch, blocking terminal extension by creating a “ Cy- 
clops” lesion^^ (Fig. 8.13). This complication is often 
accompanied by fairly coarse crepitus near the terminal 
extension. The complication appears to be more preva- 
lent when a notchplasty has been performed. For this 
reason it is advisable to avoid a notchplasty when it is 
at all possible. It is more appropriate to adjust graft po- 
sition to fit the anatomic notch than to enlarge the notch 
creating bleeding cancellous surfaces. The original notch 
size is likely to return; therefore, all attempts should be 
made to fit the graft to it (Fig. 8.14). It is not always 
possible to avoid a notchplasty, but notchplasty should 
not be routinely practiced. When this complication de- 
velops, it is usually effectively treated with arthroscopy 
and debridement followed by repeat enlargement of the 
intracondylar notch. 

The complication of arthrofibrosis can occur following 
ACL reconstruction with hamstring tendons as it can fol- 
lowing any other intraarticular procedure of the joint. 
With proper graft placement and fixation allowing early 
range of motion and quadriceps exercise, this problem 
occurs much less often than it had in earlier years. A 




Figure 8.13. If the tibial tunnel is placed too anteriorly or if 
a superior notch reforms, anterior graft fibers may break and 
coalesce forming a “cyclops” lesion as shown. 

study by Howell and Taylor^^ has shown that patients 
treated with ACL hamstring reconstructions followed by 
an aggressive rehabilitation protocol showed no increased 
failure rates when compared to more conservative rehab 
regimens. By avoiding the extensor mechanism, arthrofi- 
brosis following the use of hamstring tendons is less com- 
mon than that noted following the use of the patellar ten- 
don autografts. Should arthrofibrosis be encountered, it 
should be treated in routine ways. 




Figure 8.14. It is advisable to fit an ACL graft substitute to 
the anatomic notch when possible, particularly in acute situ- 
ations, to avoid the need for a notchplasty. Notchplasties, 
which are done to fit a graft, often reform and begin to trau- 
matize the graft causing fiber failure. (Broken line demarcates 
notchplasty.) 
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DISCUSSION 

Anterior cruciate ligament insufficiency can be treated 
effectively with either patellar tendon autografts or ham- 
string tendon autografts. When procedures are per- 
formed correctly, utilizing proper tunnel placement, 
avoidance of bony impingement, and appropriate fixa- 
tion, and are followed by appropriate rehabilitation, a 
good result can be expected from either technique. The 
primary advantage to the use of hamstring tendons is 
the reduced harvest-site morbidity relative to that seen 
with the use of patellar tendon autogafts. Pain in the 
patellofemoral joint seems to be considerably less when 
hamstring tendons are utilized for ACL reconstruction, 
and complications such as patellar fracture and infra- 
patellar contraction syndrome are essentially nonexis- 
tent. Although these problems are also rare with the use 
of patellar tendon autografts, when they occur they gen- 
erally preclude a good result. 

The importance of adhering to technical detail in per- 
forming ACL reconstructive surgery cannot be overem- 
phasized. Attention to graft harvest and preparation, tun- 
nel placement, fixation, and rehabilitation are much 
more important factors to the successful reconstruction 
of the ACL than is the origin of the autogenous graft. 
The use of hamstring tendon grafts is possible in almost 
all patients with ACL insufficiency, but it is particularly 
applicable to those patients in whom patellar tendon 
ACL reconstruction has failed, or in those with preex- 
isting patellofemoral disease, or in any other situation 
where avoidance of the extensor mechanism is desirable. 
Complications from the use of hamstring tendons are 
rare and can usually be avoided. This chapter has pre- 
sented potential pitfalls with the use of hamstring ten- 
don grafts and has suggested ways of avoiding them 
when possible and dealing with them should they occur. 
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Chapter 9 



Complications and Pitfalls in Anterior 
Cruciate Ligament Reconstruction Using 
Bone-Patellar Tendon-Bone Autograft 



B one-patellar tendon-bone autograft (BPTB) has 
served as the gold standard for anterior cruciate 
ligament (ACL) reconstruction. Although alter- 
nate graft options have recently gained popularity, 
BPTB autograft is by far the most common technique 
employed for ACL reconstruction.^ With an estimated 
150,000 ACL reconstructions performed annually, this 
graft choice may account for up to 80% of all such pro- 
cedures. With follow-up studies evaluating patients for 
up to 10 years, the complication profile of this tech- 
nique has been well documented. While the overall se- 
rious complication rate is low, there are potential risks 
that the orthopedic surgeon must be cognizant of in or- 
der to minimize their occurrence and optimize patient 
outcome. 

Many potential ACL reconstruction complications are 
independent of graft choice. Those complications that 
are generic to ACL reconstruction are not addressed in 
this chapter. Rather, the discussion focuses on compli- 
cations intrinsic to ACL reconstruction with autograft 
BPTB and on strategies to avoid their occurrence. This 
chapter discusses the nature of each complication, com- 
plication prevention, and management of the compli- 
cation once it has developed. 

PATELLAR FRACTURES 

Patellar fractures are rare complications following ACL 
harvest with BPTB autograft. Although no formal de- 
termination of the incidence of patellar fractures has 
been published to our knowledge, this is a major intra- 
or perioperative complication. To date only 28 reported 
fractures have appeared in the literature, mainly as case 
reports or technical notes, documenting these fracture 
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occurrences and fixation techniques. Christen and 
Jakob, in a retrospective review, documented nine 
patellar fractures out of a total of 490 cases, yielding 
an incidence of 1.8%. 

Most patellar fractures noted intraoperatively are 
nondisplaced fractures that are vertical in nature and re- 
sult from harvesting an excessively long patellar bone 
plug. ^ 4^43 use of an osteotome to lever a BPTB 

ACL graft is often the inciting event, and a fissure or a 
frank fracture plane may be immediately visualized. 
These fractures are often simple in nature and should be 
addressed when visualized; however, it should be noted 
that Christen and Jakob have treated three of six of these 
nondisplaced fractures nonoperatively with good results. 
To proceed with aggressive rehabilitation, fixation at the 
time of the event is recommended (Fig. 9.1A,B). 

Transverse patellar fractures are usually encountered 
in the postoperative period. These fractures most likely 
occur from low-energy injuries or violent quadriceps con- 
traction to prevent a fall, resulting in this particular frac- 
ture pattern. The presence of stress risers at the site of 
harvest is the proximate cause of such injuries. The frac- 
ture usually occurs at the proximal extent of the bone 
plug with wide displacement of the fracture fragments 
and loss of a competent extensor mechanism. These 
fractures are often simple, without comminution (Fig. 
9.2A-C). Transverse patellar fractures must be aggres- 
sively treated to allow appropriate postoperative ACL 
rehabilitation in order to obtain a successful ACL re- 
construction .5,7,10,14-18 

Prevention of Complications 

Meticulous attention should be directed to harvesting the 
patellar tendon. To minimize the risk of fracture, no 
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Figure 9.1. A and B: Anteroposterior (AP) and Merchant 
views of a 23-year-old woman 8 days after bone-patellar ten- 
don-bone (BPTB) anterior cruciate ligament (ACL) reconstruc- 
tion. The patient fell directly onto her knee. C and D: AP and 
lateral views 6 months after horizontal Association Osteosyn- 
these (AO) screws fixation with excellent functional result. 



more than 25 to 30 mm of the length of the patella and 
no more than 10 mm of width should be harvested. Ad- 
ditionally, using less than one-third of the preoperatively 
measured patellar depth for harvesting has been pro- 
posed as a measure to diminish the risk of fracture. As 
the cortical bone of the patella is thicker and more dense, 
harvesting the patellar graft is technically more difficult. 
Ideally, the bony cuts should be performed with an os- 
cillating saw and not with an osteotome. It is of critical 
importance to complete the bony cuts, particularly at the 
corners of the graft, to minimize the force necessary to 
deliver the graft. Excessive prying with an osteotome may 
endanger both the patella and graft itself. 



Management 

Vertical fissure fractures that are noticed at the time of 
surgery are best treated prophylactically to ensure and 
maintain appropriate postoperative rehabilitation. Sev- 
eral techniques have been described including an ante- 
rior tension band over horizontally directed Kirschner 
wires (K- wires). The application of a tension band de- 
vice may not be necessary, as tensile forces are not ex- 
perienced by this fracture pattern. Berg^^ has described 
nonlagged bicortical screw fixation with excellent results. 
Berg similarly recommended against overdrilling and lag- 
ging the fracture, which may cause hinging at the intact 
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Figure 9.2. A: Lateral radiograph 8 days after ACL reconstruction. B and C: Lateral and AP radiographs 3 months later after 
fall. D and E: Open reduction with internal fixation (ORIF) with AO technique for displaced transverse fracture. 



articular surface and may displace these often nondis- 
placed fractures (Fig. 9.1C,D). 

Transverse fractures of the patella disrupt the exten- 
sor mechanism and require acute fixation. These frac- 
tures are best treated using Association Osteosynthere 
(AO) technique with tension band wiring through can- 
nulated screws. By employing an 18-gauge wire, a rigid 
fixation construct can be obtained, permitting rehabili- 
tation to continue with little deleterious effect. Berg^^ 
noted that there was no discernible difference in out- 
come of the ACL reconstruction at 1 year when treated 
with AO principles (Fig. 9.2D,E). 



PATELLAR TENDON RUPTURE 

Patellar tendon rupture following middle-third patellar 
tendon ACL reconstruction is a rare complication. There 
are seven reports of 12 ruptures in the literature. 

The majority of cases occurred in the first 10 months, 
with six cases occurring after a Marshall/Macintosh ACL 
reconstruction.^^ Two cases from one report document 
late ruptures at 3 years and 6 years. In most cases, 
the rupture occurs following minor trauma. Direct im- 
pact, hyperflexion, or forceful quadriceps contractions 
were elicited as the mechanism of rupture. Eight of the 
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12 ruptures were proximal avulsions. No report docu- 
ments grossly abnormal tissue in the patellar tendon de- 
fect and there is no correlation with opening or closing 
the defect and rupture of the patellar tendon. Several 
etiologies have been proposed including devasculariza- 
tion of the tendon, an alteration of tendon healing, re- 
modeling of the remaining tendon, and injury to the re- 
maining tendon at the time of graft harvest. No definitive 
etiology has been accepted, and to date, pathologic eval- 
uation has not been performed to our knowledge. 

The remaining two-thirds of the patellar tendon 
should have adequate strength to withstand significant 
quadriceps muscle contractions. McMaster^^ showed 
that a tendon must be compromised 50% before it will 
rupture under significant loads or by 75% before failure 
occurs under physiologic loads. 

Animal studies have shown that the remaining patel- 
lar tendon is biomechanically and histologically inferior. 
Burks et al,^^ in a dog model, showed that the stiffness 
was 30%, failure load 40%, and tensile modulus 67% 
at 6 months. They also found no difference in strength 
if the defect was closed or not. Kamps et aF^ found 
similar results at a short evaluation time of 3 months in 
the rabbit. They report that the stiffness was 72% and 
tensile modulus 34% at 3 months. Jackson et aP^ re- 
ported a 50% reduction in failure load in the goat at 6 
months. Histology from these studies shows that if the 
defect is left open it fills in with collagenous tissue that 
does not resemble normal tendon. Burks et al^^ report 
poorly oriented collagen fibers; however, the scar for- 
mation is exuberant throughout the whole tendon, with 
the cross-sectional area increasing 460%. 

Closure of the defect is controversial. Closer apposi- 
tion of the tendon should reduce the amount of poorly 
organized scar tissue; however, high tension in the de- 
fect closure may result in tendon necrosis. There is 
also concern that closing the defect shortens the patel- 
lar tendon, which may be associated with poor clinical 
outcome. Van Eijden et aP^ have used a mathe- 
matical model to show that a 25% decrease in patellar 
tendon length can result in a 17% increase in antero- 
posterior shear force at its insertion. A randomized 
prospective trial comparing defect closure and bone 
grafting of the patellar donor site vs. leaving the defect 
open and no bone grafting showed no difference in clin- 
ical outcome. 

Prevention of Complications 

Patellar tendon rupture is an uncommon event after 
ACL reconstruction and its etiology is not completely 
elucidated. Care while harvesting the patellar tendon 
must be exercised to avoid iatrogenic injury. The use of 



an ACL knife with a 10-mm distance between the scalpel 
blades to minimize the risk of injury is preferred by some 
surgeons. Unfortunately, postoperative patellar tendon 
rupture is likely to represent a rare complication that 
may be difficult, if not impossible, to prevent. 

Management 

The diagnosis of rupture of the patellar tendon is criti- 
cal and time sensitive. Ideally, the repair of the tendon 
should occur within 1 week of the injury as abundant 
scar formation and tissue retractions occur rapidly. As 
such, a high index of suspicion is necessary in order not 
to miss such an injury. 

Acute primary repair of the patellar tendon after rup- 
ture has yielded excellent clinical results. In one series, 
two patients with delayed rupture both made full re- 
covery. The technique employed direct suture repair 
of the tendon with excellent results at 3-year follow-up. 
In fact, to our knowledge, no case report exists docu- 
menting a reconstruction of a chronic patellar tendon 
rupture after BPTB ACL reconstruction. 

GRAFT CONTAMINATION 

Intraoperative contamination of the ACL graft, usually 
by dropping the graft, is a dreaded complication. To 
date, only one study has analyzed the effect of graft con- 
tamination and a variety of methods to eradicate graft 
contamination. Cooper et aP^ dropped 10 BTPB grafts 
on a clean operating room floor for 3 minutes and ob- 
tained cultures. Six grafts (60%) were culture-positive at 
the end of 1 week. The authors subsequently evaluated 
several sterilization procedures with bacterial-sensitive 
antibiotic soak with lavage, and, despite this aggressive 
protocol, 30% of the grafts remained culture-positive. 
Although this complication is not unique to BPTB au- 
tograft, no similar study on the effects of dropping al- 
ternative graft material exists to our knowledge. 

Prevention of Complications 

Meticulous attention must be paid to harvesting the graft 
at all times. Dropping the graft is far more likely when 
passing the graft to the table for preparation or pass- 
ing it back for delivery into the knee. Ideally, one indi- 
vidual handles the graft at all times, and passage from 
one individual to another is avoided. Finally, during 
preparation, the graft should be well secured if drilling 
of the bone plugs for suture passage is performed. This 
may be accomplished by having an assistant secure the 
graft while drilling is performed. 
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Management 

Cooper et demonstrated a 30% infection rate after 
aggressive lavage with antibiotic solution that was sen- 
sitive to the cultured bacteria. As such, simple lavage is 
inadequate, and the graft must be assumed to be cont- 
aminated. If the graft is contaminated, there are several 
options: (1) proceed to harvest an alternate graft mate- 
rial (i.e., hamstrings or quadriceps tendon) and continue 
the procedure; (2) aggressively lavage the graft, obtain 
multiple cultures from the graft, and delay the recon- 
struction until negative culture results are obtained; (3) 
harvest graft material from the contralateral knee; or (4) 
use allograft tissue for reconstruction. It is not recom- 
mended at any time to proceed with reconstruction with 
the potentially contaminated graft until multiple nega- 
tive culture results have been obtained. Even with these 
findings, serious consideration should be given to the 
aforementioned graft alternatives. 

INTRAOPERATIVE COMPLICATIONS 

Injury to the graft itself during harvest, preparation, pas- 
sage, and screw placement has been reported. During 
graft harvest and preparation, injury to the bone block 
can occur and, if severe, may compromise fixation. Par- 
ticular care should be exercised when using compaction- 
type pliers for graft shaping, as their use may result in 
cortical fracture. Injury to the bone block itself, how- 
ever, is most likely to occur during graft passage, par- 
ticularly when excessive force is used. Subsequent frac- 
ture of the bone plug may occur and impede interference 
screw fixation. Furthermore, laceration of the graft it- 
self may occur while placing interference screws, par- 
ticularly when a sheath is not used. Although transec- 
tion of the tendinous portion of the graft is unlikely, 
significant injury and near transection may occur. 

As a corollary to graft injury discussed above, bone 
retraction into the joint may be encountered when 
fixation on the femoral side is inadequate. This may 
be a result of graft injury, screw divergence, improper 
femoral tunnel placement, or poor bone quality. Bone 
plug comminution with loss of fixation has been reported 
in the literature. Finally, the posterior cruciate ligament 
(PCL) (primarily the anterolateral bundle) is at risk dur- 
ing tibial and/or femoral drilling. The PCL may become 
entwined within the tibial drill during passage of the bit 
into the joint. Similarly, the drill may engage the PCL 
during femoral tunnel drilling if it is not protected. 

Prevention of Complications 

Intraoperative complications are infrequent and easily 
avoidable. Meticulous attention must be directed to graft 



harvest and preparation. Once adequate exposure has 
been obtained, direct measurements must be made of 
the proposed tendon width and size of the bone blocks. 
These measurements are critical for obtaining appro- 
priately sized blocks for fixation as well as for prevent- 
ing donor site complications including patellar fracture 
or injury to the patellar tendon. Shaping of the bone 
block must be done with extreme care, particularly when 
compaction-type pliers (Instrument Makar, Inc., Oke- 
mos, MI, and Arthrex, Inc., Naples, FL) are used. If ex- 
cessive force is applied to the pliers with weak bone or 
to a graft that is not close to the ideal size, cortical frac- 
ture may occur. 

Graft passage may also be fraught with danger. The 
use of graft sizing blocks, which are widely available, is 
highly recommended. These devices allow passage of 
the graft through predetermined tunnel diameters to ap- 
propriately fashion the graft and the risk of injury. The 
graft should slide easily through the tunnels without un- 
due force. Placing large holes for suture passage may 
also create stress risers and is unnecessary. Furthermore, 
there may be some theoretical benefit to placing the drill 
holes for suture passage in different planes to minimize 
fracture risk. Currently, the use of a small K-wire (0.045 
inch or less) is recommended to create tunnels for su- 
ture passage. 

Injury to the PCL and the graft is a potential com- 
plication of femoral fixation using an arthroscopic ap- 
proach. Protection of the PCL during tibial drilling is an 
important component of ACL reconstruction using any 
graft choice, and may be easily accomplished with a 
curette over the guide pin or a small elevator in the joint. 
The synovial lining on the PCL should be left intact to 
prevent adhesions between it and the ACL. Finally, in- 
jury to the PCL may occur with placement of femoral 
fixation using interference screws. While securing fixa- 
tion, the screw threads may injure the most lateral PCL 
fibers within the notch. This complication is easily 
avoided with a sheathed screw with a blunt tip, which 
shields the PCL from the interference screw. 

Bone plug retraction into the joint may occur for a 
variety of reasons, causing inadequate femoral fixation. 
If posterior bone deficiency occurs, poor bone quality is 
encountered, or nonlinear screw placement results from 
attempts at femoral fixation, the potential for both bone 
plug migration and loose hardware in the joint exists. 
The use of commercially available offset femoral aiming 
guides is highly encouraged. Furthermore, the proposed 
tunnel may be reamed for 3 to 5 mm to impart the 
“footprint” of the reamer. If the posterior cortex is vi- 
olated, the guide pin is translated anteriorly. Finally, to 
diminish the likelihood of posterior cortical break- 
through with the endoscopic technique, the knee should 
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be maintained at a minimum of 70 degrees of flexion. 
If fixation is not deemed adequate at the time of surgery, 
it must be revised to prevent complications and to al- 
low ACL rehabilitation. 

Management 

If a loose bone plug is encountered with interference 
screw fixation, a larger interference screw may salvage 
the fixation if the posterior bone is adequate. How- 
ever, if the posterior bone has been fractured, it must 
be carefully evaluated. This situation may be encoun- 
tered with a excessively posterior femoral tunnel or with 
screw divergence and posterior bone deficiency. When 
the fracture extends more than approximately 5 mm 
proximally, fixation may be inadequate with interference 
screw fixation. Therefore, when this extent of posterior 
bone deficiency is present, alternate fixation methods 
may be the most appropriate solution. Fixation may be 
accomplished with any number of techniques including 
rear-entry fixation, “over-the-top” passage with a screw 
and post, or using an Endobutton device (Smith and 
Nephew Richard, Inc., Memphis, TN), which would ob- 
tain fixation in the presence of a posterior wall fracture. 

Additionally, screw divergence may compromise fix- 
ation and result in graft slippage. While this is not prob- 
lematic with a two-incision technique, studies indicate 
that screw divergence of greater than 15 degrees may 
be associated with a diminishing ultimate strength of fail- 
ure. Several options exist to minimize divergence. 
Interference screw fixation inserted over a guidewire will 
minimize divergence of the screw, and several com- 
mercially available devices have been designed to allow 
femoral screw fixation to be performed through the tib- 
ial tunnel. Finally, if confirmation of screw position is 
needed, an intraoperative radiograph may be requested. 
If screw divergence is noted, femoral fixation may be 
compromised if the screw is replaced. In this instance, 
a larger screw may be necessary to obtain fixation once 
the misdirected screw is removed. 

ANTERIOR KNEE PAIN 

Patellofemoral or anterior knee pain is often cited as a 
major complication of ACL reconstruction using BPTB 
autograft. Reports in the literature have ranged from 
less than to 55%^^’^^ during the first year fol- 

lowing ACL reconstruction. While the pathophysiology 
of patellar tendinitis is poorly understood, a high inci- 
dence (58%) of anterior knee pain has been encoun- 
tered in acute reconstruction of the knee.^^ Further- 
more, the severity of symptoms ranges from a mild 
nuisance to inability to perform activities of daily living. 
Suspected etiologies include premorbid degeneration of 



articular cartilage, poor patellar alignment and incon- 
gruity, notchplasty, nonanatomic graft position, damage 
during graft harvest, donor-site morbidity, excessive 
scarring, and inadequate rehabilitation. 

The occurrence of patellofemoral complaints in fe- 
males may be related to subtle degrees of patellar mal- 
tracking. The presence of a positive congruence angle 
on the Merchant view has been associated with an in- 
creased risk of anterior knee pain in females). Sev- 
eral studies have concurred that such a proclivity may 
increase the incidence of anterior knee pain after ACL 
reconstruction. In acute ACL reconstructions, evi- 
dence supports an increased incidence of patellofemoral 
problems. This may be due to a higher incidence 
of arthrofibrosis, which is more frequent with acute ACL 
reconstruction, particularly when preoperative range of 
motion is not obtained. However, the development 
of arthrofibrosis is certainly multifactorial, with potential 
etiologies including concomitant medial collateral liga- 
ment and meniscal injury, gender, reflex sympathetic 
dystrophy, preoperative range of motion, postoperative 
immobilization, and infection. 

Sachs et aF^ first proposed the association between 
anterior knee pain with postoperative flexion contrac- 
ture and quadriceps weakness. Later Fisher and Shel- 
bourne^^ documented their series of arthroscopic scar 
resection and restoration of full knee hyperextension in 
a group of patients with symptomatic flexion contrac- 
tures after ACL reconstruction. After restoration of ex- 
tension, patients exhibited significant improvement in 
anterior knee symptoms. These findings have con- 
tributed to the widespread acceptance of the importance 
of obtaining full extension postoperatively after ACL re- 
construction to diminish anterior knee pain. 

The possibility that harvesting the BPTB itself may 
be responsible for anterior knee pain was addressed in 
a recent study. Rubinstein and Shelbourne^^ performed 
20 ACL reconstructions with BPTB grafts to isolate the 
incidence of and nature of donor-site morbidity. Using 
the accelerated rehabilitation protocol to obtain full sym- 
metric hyperextension rapidly, patients were followed 
for a minimum of 1 year after reconstruction and were 
evaluated both subjectively and objectively. Eleven on 
the 20 patients (55%) had symptoms of patellar ten- 
dinitis at times within the first year of follow-up. The 
symptoms were not related to the presence of patello- 
femoral crepitus or with lower isokinetic strength as de- 
termined by Cybex testing (Lumex, Inc., Ronkonkoma, 
NY). The authors concluded that anterior knee pain 
after ACL reconstruction primarily comes from two 
sources. One component is the lack of full hyperexten- 
sion, creating a “mismatch” between the graft and the 
intercondylar notch. The second component arises from 
postoperative rehabilitation attempting to restore the in- 
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tegrity and functionality of the extensor mechanism in 
the early (i.e., up to 6 months) period. 

Despite a concerted effort to obtain full preoperative 
range of motion, to accurately place the ACL graft in- 
traoperatively, and to enroll the patient in aggressive 
postoperative rehabilitation, the incidence of sympto- 
matic loss of extension is at least 4%.^^ To date, a 
prospective randomized study evaluating the incidence 
of anterior knee pain and the severity of donor-site mor- 
bidity with a variety of ACL reconstruction techniques 
has not been performed. Only with this kind of study 
will it be possible to distill out the direct morbidity of 
harvesting the BPTB graft for ACL reconstruction. 

Prevention of Complications 

Until the contribution of harvesting the BPTB graft to 
anterior knee pain is understood, and the interplay of 
the many etiologies that play a part in this problem can 
be delineated, prevention is the key. Thus, achieving 
symmetric hyperextension is an important and early goal 
of rehabilitation. The early return of quadriceps func- 
tion and vigilant commitment to rehabilitation by the pa- 
tient, therapist, and physician are necessary to reduce 
the likelihood and severity of anterior knee pain. ACL 
reconstruction should be delayed until the knee is not 
inflamed and has recovered its full preoperative range 
of motion. At the time of surgery, accurate graft posi- 



tion and tensioning with rigid fixation pemits appropri- 
ate and timely postoperative rehabilitation. Finally, in 
the postoperative period, early full extension is facili- 
tated by early quadriceps contraction, prone heel hangs, 
extension exercises, and judicious use of commercially 
available extension boards (Instrument Makar, Inc., Oke- 
mos, MI, and Indiana Brace Company, Indianapolis, IN) 
to obtain symmetric hyperextension. It is clear that it is 
significantly more difficult to obtain a full range of mo- 
tion postoperatively when it was not present preopera- 
tively. 

Management 

Although a thorough discourse of the treatment of 
arthrofibrosis is beyond the scope of this chapter, sev- 
eral tenets should be addressed. When conservative 
measures fail, operative intervention to restore full ex- 
tension, improve quadriceps function, and alleviate 
symptoms may take the form of arthrotomy or arthro- 
scopy. Paulos et aF^ documented an im- 

provement from a 17-degree flexion contracture to a 5- 
degree contracture at follow-up of 3 months to 4 years 
with an open arthrotomy and debridement. This pro- 
cedure often involved removing any impinging tissue and 
excising a portion of the anterior fat pad. Patients were 
placed in an aggressive therapy program to encourage 
full extension. Fisher and Shelbourne^^ noted a 12- 




Figure 9.3. A and B; Arthroscopic view 4 months after ACL reconstruction with BPTB autograft. The patient had an extension 
block with a 9-degree flexion loss. Note impingement of Cyclops lesion in full extension. C: Cyclops lesion after excision. D: Ap- 
pearance of intercondylar notch after excision. 
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degree innprovement from neutral at a minimum of 3 
months follow-up. This was obtained with arthroscopic 
debridement, and a similar postoperative rehabilitation 
program. Similarly, Jackson and Schaefer^^ had similar 
results after arthroscopic excision of the “Cyclops” lesion, 
a fibrous tissue proliferation at the base of the tibial at- 
tachment of the ACL graft (Fig. 9.3A-C). The authors 
noted further improvement in extension after removal of 
impinging tissue and an expanded notchplasty. 

At the time of surgery, a thorough exam under anes- 
thesia is performed. If full symmetric extension is not 
present, an arthroscopy is performed and the ACL graft 
is inspected. A thorough, systematic evaluation of the 
remainder of the knee is performed, searching for other 
potential causes for extension loss (e.g., meniscal pathol- 
ogy). If a Cyclops lesion is found, it is excised often in 
conjunction with partial excision of the anterior fat pad 
(Fig. 9.4A,B). Particular attention is directed at the in- 



tercondylar notch, and resection of additional bone here 
is performed as necessary. The knee is brought into full 
extension and impingement is excluded. At this point, 
extension contractures are addressed by gentle manip- 
ulation into flexion, after the arthroscope is removed. 
The patient is placed in a well-padded extension cast 
for 2 to 3 days, and thereafter is enrolled in an ag- 
gressive rehabilitation program stressing full extension. 
Close follow-up is necessary and the use of electrical 
stimulation on the quads as well as extension boards are 
employed as needed (Fig. 9.4C,D). 

QUADRICEPS STRENGTH 

The effect on quadriceps muscle strength of using the 
central third of the patellar tendon as a graft for 
ACL reconstruction has been a cause for debate. Stud- 




Figure 9.4. A: 23-year-old patient with 10-degree flexion contracture after BPTB ACL reconstruction. B: A Cyclops lesion was 
excised arthroscopically. C: Extension block cast applied for 3 days. Note towels under posterior calf to increase extension. 
D: Full symmetric extension was obtained with excellent functional result. Appearance of leg 3 months postoperatively. 
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ies that evaluated the strength of postoperative knees 
consistently showed significant deficits in quadriceps 
strength The degree of quadriceps deficit varied 
markedly from 6%^^ to 33%.^"^ The patients with the 
biggest deficits were from older series where patients 
had combined intra- and extraarticular procedures and 
the knee was immobilized for up to 6 weeks. The small- 
est deficits occurred in Shelbourne and Gray’s^^ patients 
who underwent an aggressive postoperative rehabilita- 
tion program. Shelbourne et al^^ further documented 
that ultimate quadriceps strength was unrelated to the 
tendon width remaining at a minimum of 6 months 
follow-up. 

To determine whether the quadriceps deficit is due 
to the knee injury itself or to the graft harvest, studies 
have compared quadriceps strength following allograft 
and autograft bone-patella-bone reconstruction. Three 
studies have been performed, and all three document 
relative quadriceps weakness consistent with no differ- 
ence between allograft and autograft. Lephart et 
al^^ compared 15 autograft with 18 allograft patients. 
All patients were young and active. At 18 months there 
were no differences in peak torque (strength), torque ac- 
celeration energy (power), or functional strength testing. 
Stringham et al^^ compared 47 autograft with 31 allo- 
grafts at 34 months. They showed no difference in iso- 
kinetic muscle strength; however, there was a trend to- 
ward a higher concentric peak extension torque at 60 
degrees/sec in allograft reconstruction. Saddemi et al^^ 
compared 31 autograft with 19 allografts at 2 years. 
The authors documented no difference in isometric 
quadriceps strength between the two groups. 

No difference in quadriceps strength is also reported 
when hamstring grafts are compared with patellar ten- 
don grafts. Marder et aF^ compared patellar ten- 
don with hamstring grafts and showed no difference in 
isokinetic muscle testing at 60 degrees/sec. Clatworthy 
et aF^ evaluated isokinetic quadriceps muscle strength 
at 60, 180, and 350 degrees/sec. They similarly showed 
no difference in strength in a well-matched series. 

Further insight is gained when the data on conser- 
vatively treated ACL-deficient knees are evaluated. 
Wojtys and Huston^^ compared 40 normal knees with 
100 cruciate-deficient knees. They reported a 21.4% 
deficit in males and a 33.5% deficit in females. Lorent- 
zon et aF^ evaluated 18 patients and found a 13% to 
29% deficit in the injured limb. 



CONCLUSION 

There is a persistent deficit in quadriceps strength fol- 
lowing ACL injury. It appears to be independent of 
surgery and graft choice. Thus, there is no significant 



deficit in quadriceps strength attributable to harvesting 
the central third of the patellar tendon. 



References 

1. Garth WPJ. Current concepts regarding the anterior cru- 
ciate ligament. Orthop Rev 1992;21:565-575. 

2. Benson ER, Barnett PR. A delayed transverse avulsion 
fracture of the superior pole of the patella after anterior 
cruciate ligament reconstruction. Arthroscopy; 1998; 14: 
85-88. 

3. Brownstein B, Bronner S. Patella fractures associated with 
accelerated ACL rehabilitation in patients with autoge- 
nous patella tendon reconstructions. J Orthop Sports 
Phy;s Ther 1997;26:.168-172. 

4. Berg EE. Management of patella fractures associated with 
central third bone- patella tendon-bone autograft ACL re- 
constructions. Arthroscopy; 1996;12:756-759. 

5. Bonatus TJ, Alexander AH. Patellar fracture and avulsion 
of the patellar ligament complicating arthroscopic ante- 
rior cruciate ligament reconstruction. Orthop Rev 1991; 
20:770-774. 

6. Delzell PB, Schils JP, Recht MP. Subtle fractures about 
the knee: innocuous-appearing yet indicative of signifi- 
cant internal derangement. AJR 1996;167:699-703. 

7. Delee JC, Craviotto DF. Rupture of the quadriceps ten- 
don after a central third patellar tendon anterior cruciate 
ligament reconstruction. Am J Sports Med 1991; 19: 
415-416. 

8. Daluga D, Johnson C, Bach BR, Jr. Primary bone graft- 
ing following graft procurement for anterior cruciate lig- 
ament insufficiency. Arthroscopy; 1990;6:205-208. 

9. Small NC. Complications in arthroscopic surgery of the 
knee and shoulder. Orthopedics 1993;16:985-988. 

10. Christen B, Jakob RP. Fractures associated with patellar 
ligament grafts in cruciate ligament surgery [see com- 
ments]. J Bone Joint Surg 1992;74B:617-619. 

11. Graf B, Uhr F. Complications of intra-articular anterior 
cruciate reconstruction. Clin Sports Med 1988;7:835- 
848. 

12. Friis EA, Cooke FW, McQueen DA, Henning CE. Effect 
of bone block removal and patellar prosthesis on stresses 
in the human patella. Am J Sports Med 1994;22:696- 
701. 

13. McCarroll JR, Shelbourne KD, Porter DA, Rettig AC, 
Murray S. Patellar tendon graft reconstruction for mid- 
substance anterior cruciate ligament rupture in junior high 
school athletes. An algorithm for management. Am J 
Sports Med 1994;22:478-484. 

14. Blevins FT, Hecker AT, Bigler GT, Boland AL, Hayes 
WC. The effects of donor age and strain rate on the bio- 
mechanical properties of bone-patellar tendon-bone allo- 
grafts. Am J Sports Med 1994;22:328-333. 




98 



L.D. Higgins, M. Clatworthy, and C.D. Harner 



15. Marumoto JM, Mitsunaga MM, Richardson AB, Medoff 
RJ, Mayfield GW. Late patellar tendon ruptures after re- 
moval of the central third for anterior cruciate ligament 
reconstruction. A report of two cases. Am J Sports Med 
1996;24:698-701. 

16. Wallenbock E. [Rupture of the patellar ligament — a late 
complication after removal of a bone-tendon-bone trans- 
plant as cruciate ligament replacement]. Langenbecks 
Arch Chir 1993;378:339-340. 

17. Bonamo JJ, Krinick RM, Sporn AA. Rupture of the patel- 
lar ligament after use of its central third for anterior cru- 
ciate reconstruction. A report of two cases. J Bone Joint 
Surg 1984;66A: 1294-1297. 

18. Langan P, Fontanetta AP. Rupture of the patellar tendon 
after use of its central third. Orthop Rev 1987; 16:3 17- 
321. 

19. Daniel DM, Woodward EP, Loose G. The Marshall/Mac- 
intosh anterior cruciate ligament reconstruction with 
the Kennedy ligament augmentation device: Report of 
the United States clinical trials. Philadelphia: WB Saun- 
ders Co, 1988. 

20. Hardin GT, Bach BRJ. Distal rupture of the infrapatellar 
tendon after use of its central third for anterior cruciate 
ligament reconstruction. Am J Knee Surg 1992;5: 
140-143. 

21. McMaster PE. Tendon and muscle ruptures: clinical and 
experimental studies on the causes and location of rup- 
tures. J Bone Joint Surg 1933;15A:705-722. 

22. Burks RT, Haut RC, Lancaster RL. Biomechanical and 
histological observations of the dog patellar tendon after 
removal of its central one-third. Am J Sports Med 
1990;18:146-153. 

23. Kamps BS, Linder LH, DeCamp CE, Haut RC. The in- 
fluence of immobilization versus exercise on scar forma- 
tion in the rabbit patellar tendon after excision of the cen- 
tral third. Am J Sports Med 1994;22:803-811. 

24. Jackson DW, Grood ES, Goldstein JD, et al. A compar- 
ison of patellar tendon autograft and allograft used for 
anterior cruciate ligament reconstruction in the goat 
model. Am J Sports Med 1993;21:176-185. 

25. O’Brien SJ, Warren RF, Pavlov H, Panariello R, Wick- 
iewicz TL. Reconstruction of the chronically insufficient 
anterior cruciate ligament with the central third of the 
patellar ligament. J Bone Joint Surg 1991;73A: 
278-286. 

26. Paulos LE, Rosenberg TD, Drawbert J, Manning J, Ab- 
bott P. Infrapatellar contracture syndrome. An unrecog- 
nized cause of knee stiffness with patella entrapment and 
patella inf era. Am J Sports Med 1987;15:331-341. 

27. van Eijden TM, Kouwenhoven E, Weijs WA. Mechanics 
of the patellar articulation. Effects of patellar ligament 
length studied with a mathematical model. Acta Orthop 
Scand 1987;58:560-566. 



28. Brandsson S, Faxen E, Eriksson BI, Kalebo P, et al. Clos- 
ing patellar tendon defects after anterior cruciate ligament 
reconstruction: absence of any benefit. Knee Surg Sports 
Traumatol Arthrosc 1998;6:82-87. 

29. Cooper DE, Arnoczky SP, Warren RF. Contaminated 
patellar tendon grafts: incidence of positive cultures and 
efficacy of an antibiotic solution soak — an in vitro study. 
Arthroscopy 1991;7:272-274. 

30. Malek MM, Kunkle KL, Knable KR. Intraoperative com- 
plications of arthroscopically assisted ACL reconstruction 
using patellar tendon autograft. Instr Course Lect 1996; 
45:297-302. 

31. Berg EE. Lateral femoral condyle fracture after endo- 
scopic anterior cruciate ligament reconstruction. Arthro- 
scopy 1994;10:693-695. 

32. Berg EE. Autograft bone-patella tendon-bone plug com- 
minution with loss of ligament fixation and stability [see 
comments]. Arthroscopy 1996;12:232-235. 

33. Matthews LS, Softer SR. Pitfalls in the use of interfer- 
ence screws for anterior cruciate ligament reconstruction: 
brief report. Arthroscopy 1989;5:225-226. 

34. Butler JC, Branch TP, Hutton WC. Optimal graft fixa- 
tion — the effect of gap size and screw size on bone plug 
fixation in ACL reconstruction. Arthroscopy 1994; 10: 
524-529. 

35. Lemos MJ, Albert J, Simon T, Jackson DW. Radiographic 
analysis of femoral interference screw placement during 
ACL reconstruction: endoscopic versus open technique. 
Arthroscopy 1993;9:154-158. 

36. Lemos MJ, Jackson DW, Lee TQ, Simon TM. Assess- 
ment of initial fixation of endoscopic interference femoral 
screws with divergent and parallel placement. Arthro- 
scopy 1995;11:37-41. 

37. Jomha NM, Raso VJ, Leung P. Effect of varying angles 
on the pullout strength of interference screw fixation. Ar- 
throscopy 1993;9:580-583. 

38. Jackson DW, Jennings LD. Arthroscopically assisted re- 
construction of the anterior cruciate ligament using a 
patella tendon bone autograft. Clin Sports Med 1988;7: 
785-800. 

39. Ray JM. A proposed natural history of symptomatic an- 
terior cruciate ligament injuries of the knee. Clin Sports 
Med 1988;7:697-713. 

40. Wainer RA, Clarke TJ, Poehling GG. Arthroscopic re- 
construction of the anterior cruciate ligament using allo- 
graft tendon. Arthroscopy 1988;4:199-205. 

41. Clancy WG, Jr., Nelson DA, Reider B, Narechania RG. 
Anterior cruciate ligament reconstruction using one-third 
of the patellar ligament, augmented by extra-articular ten- 
don transfers. J Bone Joint Surg 1982;64A:352-359. 

42. Rubinstein RA, Jr., Shelbourne KD, VanMeter CD, Mc- 
Carroll JC, Rettig AC. Isolated autogenous bone-patellar 
tendon-bone graft site morbidity. Am J Sports Med 
1994;22:324-327. 




9; Complications and Pitfalls in ACL Reconstruction Using Bone-Patellar Tendon-Bone Autograft 99 



43. Arendt EA, Hunter RE, Schneider WT. Vascularized 
patella tendon anterior cruciate ligament reconstruction. 
Clin Orthop 1989;222-232. 

44. Kaplan N, Wickiewicz TL, Warren RF. Primary surgical 
treatment of anterior cruciate ligament ruptures. A long- 
term follow-up study. Am J Sports Med 1990; 18; 354- 
358. 

45. Aglietti P, Insall JN, Cerulli G. Patellar pain and incon- 
gruence. I: Measurements of incongruence. Clin Orthop 
1983;176:217-224. 

46. Insall JN, Aglietti P, Tria AJJ. Patellar pain and incon- 
gruence. II: Clinical application. Clin Orthop. 1983;176: 
225-232. 

47. Laurin CA, Dussault R, Levesque HP. The tangential x- 
ray investigation of the patellofemoral joint; x-ray tech- 
nique, diagnostic criteria and their interpretation. Clin Or- 
thop 1979;144:16-26. 

48. Aglietti P, Buzzi R, D’Andria S, Zaccherotti G. Patello- 
femoral problems after intraarticular anterior cruciate lig- 
ament reconstruction. Clin Orthop 1993;288:195-204. 

49. Shelbourne KD, Gray T. Anterior cruciate ligament re- 
construction with autogenous patellar tendon graft fol- 
lowed by accelerated rehabilitation. A two- to nine- year 
followup. Am J Sports Med 1997;25:786-795. 

50. Shelbourne KD, Patel DV. Prevention of complications 
after autogenous bone-patellar tendon-bone ACL recon- 
struction. Instr Course Lect 1996;45:253-262. 

51. Shelbourne KD, Wilckens JH, Mollabashy A, DeCarlo M. 
Arthrofibrosis in acute anterior cruciate ligament recon- 
struction. The effect of timing of reconstruction and re- 
habilitation. Am J Sports Med 1991;19:332-336. 

52. Wasilewski SA, Covall DJ, Cohen S. Effect of surgical 
timing on recovery and associated injuries after anterior 
cruciate ligament reconstruction. Am J Sports Med 
1993;21:338-342. 

53. Fisher SE, Shelbourne KD. Arthroscopic treatment of 
symptomatic extension block complicating anterior cruci- 
ate ligament reconstruction. Am J Sports Med 1993;21: 
558-564. 

54. Cosgarea AJ, DeHaven KE, Lovelock JE. The surgical 
treatment of arthrofibrosis of the knee. Am J Sports Med 
1994;22:184-191. 

55. Cosgarea AJ, Sebastianelli WJ, DeHaven KE. Prevention 
of arthrofibrosis after anterior cruciate ligament recon- 
struction using the central third patellar tendon autograft. 
Am J Sports Med 1995;23:87-92. 

56. Aglietti P, Buzzi R, D’Andria S, Zaccherotti G. Long-term 
study of anterior cruciate ligament reconstruction for 
chronic instability using the central one-third patellar ten- 
don and a lateral extraarticular tenodesis. Am J Sports 
Med 1992;20:38-45. 

57. Engebretsen L, Benum P, Fasting O, Molster A, Strand 
T. A prospective, randomized study of three surgical tech- 



niques for treatment of acute ruptures of the anterior cru- 
ciate ligament. Am J Sports Med 1990;18:585-590. 

58. Sachs RA, Daniel DM, Stone ML, Garfein RF. Patello- 
femoral problems after anterior cruciate ligament recon- 
struction. Am J Sports Med 1989;17:760-765. 

59. Mohtadi NG, Webster-Bogaert S, Fowler PJ. Limitation 
of motion following anterior cruciate ligament recon- 
struction. A case-control study. Am J Sports Med 1991; 
19:620-624. 

60. Dodds JA, Keene JS, Graf BK, Lange RH. Results of 
knee manipulations after anterior cruciate ligament re- 
constructions. Am J Sports Med 1991;19:283-287. 

61. Meyers JF, St. Pierre RK, Sutter JS, Caspari RB, Whip- 
ple TL. Arthroscopic evaluation of anterior cruciate liga- 
ment reconstructions. Arthroscopi; 1986;2:155-161. 

62. Jackson DW, Schaefer RK. Cyclops syndrome: loss of 
extension following intra-articular anterior cruciate liga- 
ment reconstruction. Arthroscopic 1990;6:171-178. 

63. Marder RA, Raskind JR, Carroll M. Prospective evalua- 
tion of arthroscopically assisted anterior cruciate ligament 
reconstruction. Patellar tendon versus semitendinosus and 
gracilis tendons. Am J Sports Med 1991;19:478-484. 

64. Rosenberg TD, Franklin JL, Baldwin GN, Nelson KA. Ex- 
tensor mechanism function after patellar tendon graft har- 
vest for anterior cruciate ligament reconstruction. Am J 
Sports Med 1992;20:519-525. 

65. Yasuda K, Ohkoshi Y, Tanabe Y, Kaneda K. Quantita- 
tive evaluation of knee instability and muscle strength af- 
ter anterior cruciate ligament reconstruction using patel- 
lar and quadriceps tendon. Am J Sports Med 1992; 
20:471-475. 

66. Tibone JE, Antich TJ. A biomechanical analysis of ante- 
rior cruciate ligament reconstruction with the patellar ten- 
don. A two year followup [see comments]. Am J Sports 
Med 1988;16:332-335. 

67. Gerber C, Hoppeler H, Claassen H, Robotti G, Zehnder 
R, Jakob RP. The lower-extremity musculature in chronic 
symptomatic instability of the anterior cruciate ligament. 
J Bone Joint Surg 1985;67A: 1034-1043. 

68. Seto JL, Orofino AS, Morrissey MC, Medeiros JM, Ma- 
son WJ. Assessment of quadriceps/hamstring strength, 
knee ligament stability, functional and sports activity lev- 
els five years after anterior cruciate ligament reconstruc- 
tion. Am J Sports Med 1988;16:170-180. 

69. Shelbourne KD, Rubinstein RAJ, VanMeter CD, McCar- 
roll JR, Rettig AC. Correlation of remaining patellar ten- 
don width with quadriceps strength after autogenous 
bone-patellar tendon-bone anterior cruciate ligament re- 
construction. Am J Sports Med 1994;22:774-777. 

70. Lephart SM, Kocher MS, Harner CD, Fu FH. Quadri- 
ceps strength and functional capacity after anterior cru- 
ciate ligament reconstruction. Patellar tendon autograft 
versus allograft. Am J Sports Med 1993;21:738-743. 




100 



L.D. Higgins, M. Clatworthy, and C.D. Hamer 



71. Stringham DR, Pelmas CJ, Burks RT, Newman AP, Mar- 
cus RL. Comparison of anterior cruciate ligament recon- 
structions using patellar tendon autograft or allograft. Ar- 
throscopy 1996;12:414-421. 

72. Saddemi SR, Frogameni AD, Fenton PJ, Hartman J, 
Hartman W. Comparison of perioperative morbidity of 
anterior cruciate ligament autografts versus allografts. Ar- 
throscopy 1993;9:519-524. 

73. Clatworthy, M. G Annear P, BJow J-U, and Bartlett RJ. 
Isokinetic muscle strength following ACL reconstruction: 



Hamstrings vs patella tendon grafts. 1998. (GENERIC) 
(Unpublished Work) 

74. Wojtys EM, Huston LJ. Neuromuscular performance in 
normal and anterior cruciate ligament- deficient lower ex- 
tremities. Am J Sports Med 1994;22:89-104. 

75. Lorentzon R, Elmqvist LG, Sjostrom M, Fagerlund M, 
Fuglmeyer AR. Thigh musculature in relation to chronic 
anterior cruciate ligament tear: muscle size, morphology, 
and mechanical output before reconstruction. Am J 
Sports Med 1989;17:423-429. 




Chapter 10 



Complications and Pitfalls in Anterior 
Cruciate Ligament Reconstruction 
WITH Allograft 



A nterior cruciate ligament (ACL) reconstruction 
has become a relatively common orthopedic 
procedure as a result of a better understanding 
of ACL function and the natural history of the unstable 
knee in an athletic individual. There has also been an 
increased awareness of ACL injuries and their diagno- 
sis by physicians and their patients, as well as im- 
provements in reconstructive techniques. As increasing 
numbers of ACL reconstructions are performed, subse- 
quent complications will also arise. This chapter dis- 
cusses complications associated with allograft ACL re- 
constructions, their avoidance, and their treatment. 
Most of the complications of autograft ACL recon- 
struction (see Chapter 9) apply to allografts as well. This 
chapter focuses on complications arising specifically 
from the selection of allograft tissue for ACL recon- 
struction. 

COMPLICATIONS AND BASIC SCIENCE 
Graft Selection 

The goals of ACL reconstruction are to restore stability 
to the injured knee and return the patient to preinjury 
activity levels. These goals are achieved by a surgery 
that provides adequate graft strength, fixation, and isom- 
etry, which allow early rehabilitation, healing and return 
to sports. One important factor in a successful recon- 
struction is the selection of graft material. Options in- 
clude autografts, allografts, and synthetics. The ideal 
graft should have adequate strength, low donor-site mor- 
bidity, and no risk of disease transmission; it should be 
readily available and cost-effective; it should have the 
ability to heal in a timely fashion; and it should dupli- 
cate ACL physiology. 
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Numerous studies have examined the ultimate load 
and stiffness of the human femur-ACL-tibia complex 
(FATC). Noyes and colleagues^’^ have shown an ulti- 
mate load of 1725 ± 269 N, and stiffness of 182 ± 33 
N/mm for the FATC in young specimens with lower 
values in older specimens (734 ± 266 N, 129 ± 
39N/mm). Woo and colleagues^ also examined prop- 
erties of the human FATC in various age groups. Ulti- 
mate loads and stiffness of 2160 ± 157 N and 242 ± 
28 N/mm were noted in the younger specimens with 
load applied along the axis of the ACL. When load was 
applied along the axis of the tibia, lower values were 
noted 1602 ± 167 N and 218 ± 27 N/mm. These val- 
ues decreased significantly with donor age.^’"^ 

Ideally, a healed ACL graft should duplicate the 
strength and stiffness of the native FATC. Biomechan- 
ical studies have examined the initial properties of graft 
materials. Numerous studies have demonstrated that 
autograft and allograft ACL reconstructions lose signif- 
icant strength during early remodeling, which slowly in- 
creases over time.^“^^ Therefore, an ACL graft must be 
initially stronger than the native FATC to duplicate its 
function when healed. 

Patellar Tendon Autografts 

Middle one-third patellar tendon autograft has been the 
“gold standard” for ACL reconstruction. Ultimate loads 
and stiffness have been reported as 2900 ± 260 N and 
685 ± 85.6 N/mm for a 14-mm graft. ^ The graft also 
provides for bone plugs for excellent fixation and bone- 
to-bone healing. Unfortunately, complications as- 
sociated with its use have been reported. These include 
tendonitis, patellar chondrosis, quadriceps weakness, 
tendon rupture, patellar fracture, patellar entrapment. 
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and patella infera.^"^“^^ These complications have led 
surgeons to seek other graft choices including hamstring 
autografts, synthetics, and various allograft tissues. 

Hamstring Autografts 

Semitendinosus (ST) and gracilis (G) autografts have 
gained popularity in ACL reconstruction. They are har- 
vested through a smaller incision, with minimal mor- 
bidity.^^’^^ One concern with these grafts was their ini- 
tial strengths. Ultimate loads of the single-stranded 
gracilis and semitendinosus, 838 ± 30 N and 1216 ± 
50 N, respectively, are lower than that of the FATC.^ 
However, multiple-stranded grafts such as quadrupled 
semitendinosus or doubled semitendinosus and gracilis 
are currently used. Quadrupling the graft (double ST/G) 
gives an ultimate load approximately two times that of 
the FATC.^^ Additionally, Simonian and colleagues^^ 
have recently demonstrated no difference in strain, 
stress, or modulus between cyclically loaded quadrupled 
hamstring and patellar tendon grafts of similar cross- 
sectional area.^^ 

Another concern with hamstring grafts in the past 
has been fixation strength. Newer fixation devices, how- 
ever, give initial fixation strengths equal to or higher 
than that of patellar tendon/interference screw fixa- 
tion. Recent reports have shown excellent results 
using these grafts with up to 5-year follow-up. 

Quadriceps Tendon Autografts 

Like middle one-third patellar tendon, quadriceps ten- 
don grafts have the advantage of bone block fixation. 
Biomechanical studies have shown similar strength com- 
pared to that of patellar tendon grafts. Disadvantages 
are also similar to those of the patellar tendon and in- 
clude risks of anterior knee pain and quadricep weak- 
ness. There has been limited use of this graft, and more 
follow-up studies need to be done prior to its widespread 
acceptance. 

Synthetics 

In an attempt to avoid problems associated with auto- 
grafts and allografts, synthetic materials such as carbon 
fiber, woven polyester, and braided polytetrafluoroeth- 
ylene (Gore-Tex, W.L. Gore and Associates, Flagstaff, 
AZ) have been used for ACL grafts. These generally 
have had unacceptable rates of failure and are no longer 
marketed. 

Allografts 

Because of the donor-site morbidity seen with autografts 
and failures with synthetics, allograft tissue gained pop- 
ularity as a graft choice for ACL reconstruction. One of 



the first clinical reports of allograft use for ACL recon- 
struction in humans utilized Achilles tendon, tibialis an- 
terior, and flexor tendons, with good results. Subse- 
quently, fascia lata was used but has been abandoned, 
in part because of low initial ultimate load (628 ± 
35 N).^ Patellar tendon is now the most commonly used 
allograft for ACL reconstructions. It offers advantages of 
good strength, bone-to-bone fixation, and the ability to 
fill revision tunnels with large bone plugs. Achilles ten- 
don can also be used and has the advantages of a large 
graft and bone block. We employ Achilles allografts more 
frequently for posterior cruciate ligament reconstruc- 
tions. Hamstring allografts are less frequently used, but 
work well to augment small hamstring autografts. 

Advantages 

There are numerous advantages to allograft use in ACL 
reconstructions (Table 10.1). Perhaps most important 
is the lack of donor-site morbidity, which is especially 
appealing in patients with a history of patellofemoral 
complaints. A smaller incision is used, which improves 
cosmesis, and with no graft harvest operative time is de- 
creased. A large graft can be utilized, which is helpful 
in patients with small autogenous tissues. This is also 
beneficial in revisions, as autogenous tissue has often 
been used, and bone blocks can be tailored to fit tun- 
nels. Our primary indication for the use of allograft tis- 
sues is multiligament reconstructions where there is lim- 
ited availability of autogenous grafts. 

Disadvantages and Complications 

Unfortunately, there are numerous disadvantages and 
complications associated with allograft use (Table 10.1). 
These include risk of disease transmission and infection 
transmitted by the graft, as well as potential weak- 
ening of the graft by sterilization and storage tech- 
niques. Allografts exhibit slower healing and re- 
modeling compared to autografts, and there are 
reports of immune responses to allograft tissue. Al- 
lografts add significant expense to the procedure, and 
their availability may be limited. Additionally, some stud- 
ies have shown no difference between patellofemoral 
problems in groups of autograft and allograft middle 



Table 10.1. Advantages and disadvantages of allograft use 



Advantages 


Disadvantages 


No donor-site morbidity 


Risk of disease transmission 


Smaller incision 


Slower healing 


Decreased operative time 


Expensive 


Larger graft size 


Increased laxity and late failures 


Use in multiligament 


Tunnel enlargement/cyst 


reconstructions 


formation 


Use in revisions 


Variable graft quality 
Immunologic reactions/effusions 
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one-third patellar tendon reconstructions. Other re- 
ported complications include cyst formation, bone tun- 
nel enlargement, graft variability with physical defects 
in the graft, and effusions.^^"^^ 

Disease Transmission. Perhaps the complication of 
greatest concern associated with allograft ACL recon- 
struction is disease transmission. Despite extremely low 
risk, transmission of the human immunodeficiency virus 
(HIV) is the primary concern in patients undergoing al- 
lograft procedures. There has been one reported case 
of HIV transmission from allograft tissues that were har- 
vested in 1985.^^ The donor was seronegative for an- 
tibodies and had no know risk factors for HIV other than 
a traumatic death (gunshot wound). Of 41 identified tis- 
sue recipients tested for HIV, all three who received 
fresh frozen bone and four who received organs were 
infected. Interestingly, three patients who received 
freeze-dried soft tissue and one who received marrow- 
evacuated fresh frozen bone tested negative. Buck and 
colleagues^^ have estimated the risk of obtaining a graft 
from an HIV-positive allograft donor at 1 in 1,667,600. 
This estimate assumes adequate screening and testing 
of donors and allows for an 8-week window between 
HIV infection and detectable antibodies. It is possible 
that this risk could be higher today, as a larger per- 
centage of the population is HIV positive. However, 
many tissue banks now use polymerase chain reaction 
(PCR) testing, which directly detects viral antigens, de- 
creasing the window of undetectable HIV infection. 

Hepatitis transmission is another concern and has 
been documented by Conrad et al.^^ In this study two 
of nine graft recipients from one donor acquired he- 
patitis C. Six of 12 patients who received gamma-irra- 
diated tissue from another hepatitis C-positive donor 
were also tested and none was positive. This suggests 
that 17 krad of gamma irradiation may inactivate he- 
patitis C virus. 

Transmission of bacterial infection in allograft tissue 
is another potential problem. In a review of 134 small 
grafts, of which 21 were tendon grafts and the others 
bone, there were no bacterial infections.^^ All grafts 
were collected according to guidelines of the American 
Association of Tissue Banks, under sterile techniques, 
and were fresh frozen, indicating that proper collection 
and screening adequately prevents bacterial transmission 
from small allografts. In a series of 2,500 ACL recon- 
structions, Williams and colleagues^^ report only seven 
intraarticular infections. All of these were autograft re- 
constructions with six of the seven undergoing concur- 
rent open procedures, none of which used allografts. 
The number of allografts in the series was not reported. 

Sterilization: Efficacy and Biomechanical Conse- 
quences. In an attempt to avoid the problem of dis- 



ease transmission, many methods of graft sterilization 
have been developed. Unfortunately, there is often a 
compromise between sterilizing the graft and altering 
the mechanical properties in an unfavorable manner. 
Therefore, the best method of preventing disease trans- 
mission is maintaining appropriate donor screening and 
testing, as well as sterile harvest and storage techniques. 

Many sterilization techniques have been used for al- 
lografts including ethylene oxide, alcohol and gamma ir- 
radiation, and antibiotic soaks. The latter two methods 
are currently used. Ideally, grafts are harvested and 
processed under sterile conditions, eliminating the need 
for sterilization. 

Secondary sterilization techniques such as gamma ir- 
radiation are often used if the graft is harvested or 
processed in a clean rather than sterile manner. Inves- 
tigators have evaluated the efficacy of various doses of 
gamma irradiation in eliminating HIV from allografts. 
Fideler and colleagues^"^ used PCR to assess the pres- 
ence of HIV deoxyribonucleic acid (DNA) in fresh frozen 
patellar tendon/bone grafts treated with either 2, 2.5, 
3, or 4 megarads (Mrad) of gamma irradiation. They 
concluded that 3 and 4 Mrad effectively eliminated 
viral DNA, which was still detectable at doses less than 
3 Mrad. In a similar study, Conway et al^^ concluded 
that 1.5 Mrad would not reliably eliminate HIV from tis- 
sues. Most tissue banks employ doses of 1.5 to 2.5 Mrad 
to sterilize grafts, which do not eliminate HIV.^^ 

Higher doses of gamma rays are not used as they 
have been shown to have detrimental effects on graft 
material properties. Our lab investigated effects of 2.5 
to 3.5 Mrad on freeze-dried patellar tendon grafts and 
found decreased ultimate strength. Similarly, 4.0 Mrad 
shortens the graft and significantly decreases strength. 
Gibbons et al^^ showed decreased material properties 
of goat patellar tendon after 3, but not 2, Mrad of 
gamma irradiation. A related clinical study from the 
same lab examined 2 Mrad-irradiated grafts in the goat 
model at 6 months and found no significant biome- 
chanical differences between irradiated and fresh frozen 
grafts. Another clinical study has shown no significant 
biomechanical differences between 2.5 Mrad-irradiated 
and fresh frozen grafts in the dog model at 12 months. 

In summary, it appears that gamma irradiation treat- 
ment of less than 2.5 Mrad has little affect on biome- 
chanical graft properties. While this amount of expo- 
sure is effective in eliminating some bacteria and viruses, 
it is not sufficient to eradicate HIV from tissues. 

Ethylene oxide (ETO) sterilization is no longer used 
for sterilization of ligament allografts. Early studies 
showed no detrimental biomechanical effects on initial 
graft strength. Many patients with ETO-treated 
grafts, however, developed persistent intraarticular re- 
actions, which resolved with graft removal.^^ Also, 
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higher failure rates have been noted in groups of patients 
treated with ETO-sterilized grafts.^^’^^ Residual ETO in 
the grafts and its residues, ethylene chlorhydrin and eth- 
ylene glycol, have been implicated in the reaction. 

Antibiotic soaks and screening with cultures have 
been fairly effective in eliminating bacteria from liga- 
ment allografts. Most tissue banks soak grafts in an- 
tibiotic solutions during processing. We also reconstitute 
our freeze-dried grafts, and soak our fresh frozen grafts 
in antibiotic solution prior to implantation. 

Storage. Most ligament grafts are stored and trans- 
ported either fresh frozen or freeze-dried. Fresh frozen 
grafts can be stored at -70° to -80°C for up to 5 
years, and can be stored at -20°C for up to 6 months. 
No deleterious biomechanical effects of freezing have 
been noted. Freeze-dried grafts are processed by des- 
iccating the frozen graft in a vacuum to less than 5% 
water content. They can be stored at room temperature 
for up to 5 years. Numerous studies show no adverse 
biomechanical changes in tissues after freeze-drying, and 
adequate clinical results have been demonstrated using 
freeze-dried tissue. Indelicate et al,^^ however, 
reported better results for fresh frozen versus freeze- 
dried grafts with significant differences in three of 21 
categories including pivot shift and symptomatic giving 
way. However, the freeze-dried group contained pa- 
tients with revision intraarticular procedures, had small 
numbers compared to the other group, and were up to 
1 year further postoperation at the time of follow-up 
than the fresh frozen group. 

At our institution we use primarily fresh frozen bone- 
tendon-bone (BTB) for allograft ACL reconstructions. 
We have noted some weakness at the bone-tendon junc- 
tion in freeze-dried BTB tissues and have had failures 
while tensioning the grafts. Freeze-dried soft tissue grafts 
are frequently used for extraarticular reconstructions and 
to augment autografts. 

Interestingly, in the case of HIV transmission, dis- 
cussed above, recipients of freeze-dried grafts did not 
seroconvert.^^ This may lead one to believe that freez- 
ing or lyophilization may sterilize the grafts. It should be 
stressed, however, that neither deep freezing nor freeze- 
drying of grafts reliably eliminate viral transmission. 

Allograft Healing, Both autografts and allografts go 
through similar stages of healing with synovialization, is- 
chemic necrosis, revascularization, cellular proliferation, 
and remodeling. One concern with allografts, how- 
ever, is slow or incomplete healing resulting in a weaker 
graft and higher incidence of late failure (Fig. 10.1). 
Early animal studies showed good results with allo- 
grafts. 72, 73 early tendon studies, however, 
Cordrey and colleagues^"^ observed that autografts ap- 
peared to reach viability sooner than allografts. Subse- 



A 




Figure 10.1. Allograft anterior cruciate ligament reconstruc- 
tion at 6 months. Note the laxity and avascular appearance. 

quent studies have confirmed prolonged healing of al- 
lograft compared to autograft.^’^ Histologic studies of 
allograft superficial biopsy specimens have demon- 
strated immature portions at 18 and 20 months post- 
operatively.^^’^^ Our lab examined deep biopsy samples 
of allograft ACL reconstructions ranging from 2 to 52 
months postoperatively and found acellular and avascu- 
lar central portions in all grafts, indicating incomplete 
healing at over 4 years."^^ 

Many early follow-up studies (approximately 24 
months) report good results with allograft ACL recon- 
structions. Careful analysis of these studies re- 
veal trends toward greater laxity in the allografts com- 
pared to the autografts, though these are not significant. 
Stringham et al"^^ report significantly increased traumatic 
ruptures in the allograft group, and Indelicate et aF^ re- 
port three of 41 patients sustained graft rupture in the 
first 2 years. 

Our experience with allografts revealed similar trends 
toward increased laxity in the allograft group with short- 
term follow-up, but no statistical significance.^^ This en- 
couraged us to examine a group of allografts at an av- 
erage of 44 months postoperatively. Increased laxity (KT 
1000 >5 mm difference, grade 2 and 3 Lachman) in 
the chronic allograft compared to chronic autograft 
group was noted. Additionally, more failures were seen 
in both acute and chronic allograft reconstructions com- 
pared to autografts. Malek and DeLuca^^ also re- 
ported deterioration of allograft results at late follow-up. 
Conversely, Noyes and Barber-Westin^^’^^ demon- 
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strafed good long-term results in acute reconstructions 
with allograft, but high rates of allograft failures in 
chronic reconstruction. 

In summary, allograft tissue appears to mature slowly 
and incompletely compared to autograft tissue used in 
ACL reconstruction. This may explain the trends toward 
increased laxity and failure compared to autograft, espe- 
cially in chronic reconstructions, though a few series re- 
port good allograft results with long-term follow-up. 

Immunogenicity of Allografts. Immune responses to 
soft tissue allografts may be responsible for their delayed 
maturation. Work with osteochondral allografts has 
shown deep-freezing and lyophilization reduce immuno- 
genicity from histocompatibility antigens. Similarly, 
Arnoczky et aF^ demonstrated decreased immuno- 
genicity in deep-frozen versus fresh allografts. Many 
studies have used fresh frozen or freeze-dried tissue and 
have not demonstrated an immune response. 72, 73 
Others have noted immune reactions. Vasseur and col- 
leagues^ observed antibodies to donor antigens in all 
frozen allograft reconstructions and no autograft recon- 
structions. Jackson et aF demonstrated persistent in- 
flammation in allograft goat knees compared to auto- 
graft. Both of these studies demonstrated delayed 
allograft healing. 

Immunogenicity of allografts has not been examined 
in many human clinical studies. ETO-sterilized grafts have 
shown marked immunogenic responses. Synovial 
fluid analysis on allograft recipients has demonstrated in- 
traarticular humoral response 6 months postopera- 
tively.^^ The significance of these immune responses is 
not known, but they may contribute to delayed allograft 
maturation. 

Expense. Another disadvantage of allograft recon- 
struction is the expense of the grafts. At most institu- 
tions a single allograft adds approximately $1,000 to 
the cost of the procedure. Some of this is offset by de- 
creased surgical time; however, insurance companies 
may refuse to pay for the allograft if autogenous tissues 
can be used. 

Tunnel Widening. Graft tunnel widening has been re- 
ported in association with allograft ACL reconstruc- 
tions^^’^^’^^ (Fig. 10.2). No correlation between tunnel 
widening and failure was noted in any of these studies. 
The reason for tunnel widening is unknown but may be 
secondary to immune response at the bone plugs. In 
the case of soft tissue fixation, it may be unrelated to 
the allograft and the result of distant cortical fixation. A 
similar phenomenon has been observed with some ham- 
string autografts. 

Cysts. Anterior tibial cysts associated with allograft 
ACL reconstructions have been described. Their for- 




Figure 10.2. Anteroposterior (A) and lateral (B) views 
demonstrating tibial tunnel widening in an Achilles allograft 
reconstruction. 

mation is likely secondary to graft necrosis and incom- 
plete tunnel incorporation, which allows leakage of syn- 
ovial fluid to the pretibial region. 

Allograft Variability. Allografts may be inadequate for 
ACL reconstruction because of intrinsic damage or de- 
fects, inadequate size, and lack of strength.^^ Age has 
been shown to affect strength of human patellar tendon 
grafts,^ and a large amount of variability in graft strength 
has been demonstrated.^ 

AVOIDANCE OF COMPLICATIONS IN 
ALLOGRAFT ACL RECONSTRUCTION 

The complications described in the previous section are 
the result of selecting allograft tissue for reconstruction 
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of the ACL. The obvious way to prevent these compli- 
cations is to use autograft rather than allograft. We cur- 
rently recommend autograft use for ACL reconstruction 
for this reason. However, occasions arise when allograft 
is necessary or advantageous (multiligament reconstruc- 
tions and some revisions). In these cases steps can be 
taken to avoid the previously described problems. 

Disease Transmission 

The best prevention of allograft disease transmission is 
appropriate graft procurement, testing, and storage, as 
outlined by the American Association of Tissue Banks. 
Graft procurement starts with careful donor screening, 
which includes medical and social history, and physical 
examination. Table 10.2 lists exclusionary criteria. Lab- 
oratory testing includes screening for HIV antibodies, 
hepatitis B surface antigen, hepatitis C antibody (second- 
generation test), human T-cell lymphotropic virus type 
1 antibody, blood cultures, and syphilis, with positive re- 
sults eliminating the donor. Additional recommended 
testing includes PCR testing for HIV, which decreases 
the window for undetectable HIV-infected donors com- 
pared to antibody testing. 

Sterilization 

Sterile harvest and storage techniques are important in 
preventing bacterial infections. If secondary sterilization 
is necessary, gamma irradiation is recommended at 
doses less than 2.5 Mrad to avoid biomechanical com- 
promise of the graft. It should be stressed that this dose 
is not adequate to eliminate HIV. 

Soaking the graft in antibiotic solution does decrease 
bacterial counts in grafts and is recommended while 
thawing or reconstituting grafts. ETO sterilization of soft 
tissue grafts is contraindicated. 

Storage 

Both fresh frozen and freeze-dried allografts are used at 
our institution. The obvious advantage of freeze-dried 
tissue is the ability to store it at room temperature. How- 
ever, we have had problems with weak bone-tendon at- 
tachments in freeze-dried preparations. To prevent avul- 
sion of the tendon from the bone block, we use fresh 



frozen patellar tendon and Achilles grafts. Freeze-dried 
soft tissue grafts (hamstrings) work well for extraarticu- 
lar reconstructions and autograft augmentation. 

Grafts must be thawed slowly at temperatures no 
higher than 40°C. Higher temperatures may weaken 
the graft by denaturing collagen. Once fresh frozen 
tissue has been thawed it must be used or discarded. 

Freeze-dried tissue is reconstituted by soaking in an- 
tibiotic solution for at least 1 hour. Preferably this takes 
place over a longer period of time, which allows uni- 
form hydration of the tissues. Many tissue banks rec- 
ommend overnight reconstitution, which is often diffi- 
cult, and may put the graft at risk for contamination. 

Graft Healing 

One advantage of allografts is their large size; however, 
this may limit their ability to revascularize and remodel. 
Surgeons should therefore be cautious when consider- 
ing placement of larger grafts, and perhaps consider a 
double-tunnel technique to provide more surface area 
for bone tunnel healing. 

Delayed healing of allografts should also be consid- 
ered in rehabilitation. Initially allografts were thought to 
be advantageous for faster recovery and return to ac- 
tivities. Prolonged maturation times, however, dictate 
that allografts need to be protected longer than auto- 
graft reconstructions. Return to sport prior to graft mat- 
uration may be one factor responsible for the increased 
late laxity and failures. We allow our autograft recon- 
struction patients to return to sports at 6 months if they 
have met rehabilitation criteria. We generally do not re- 
turn allograft reconstruction patients to cutting, jump- 
ing, and pivoting sports for 8 to 12 months. Most of 
these are revisions, as we have stopped performing pri- 
mary allograft reconstructions with few exceptions. 

The reason we perform few primary allografts is we 
have embraced the quadrupled hamstring technique. As 
noted previously quadrupled hamstring grafts are ap- 
proximately two times stronger than the FATC, giving 
adequate initial strength, and, for a given cross-sectional 
area, they have similar material characteristics to the 
patellar tendon. Newer techniques provide compa- 
rable fixation to the interference screw A>one block con- 
struct, and allow for early range of motion and aggres- 



Table 10.2. American Association of Tissue Banks’ history exclusion 
criteria for graft donors 



Homosexual activity Intravenous drug use 

Hemophilia or related clotting disorders Prostitution 

Known HIV-positive sexual partner Inmate of correctional system 



From ref. 52. 
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sive rehabilitation. We have found our results to be com- 
parable to our patellar tendon autografts without the as- 
sociated problems. In summary, we feel hamstring au- 
tografts offer all of the advantages of allografts without 
the aforementioned complications. 

It should be stressed that graft choice is one small 
portion of a successful reconstruction. Techniques that 
apply to a successful autograft reconstruction also ap- 
ply to allografts. Graft healing is enhanced by isometric 
placement, adequate notchplasty to prevent impinge- 
ment, and adequate fixation to encourage tunnel heal- 
ing, followed by appropriate rehabilitation. 

Allograft Variability 

Intrinsic problems with grafts can be avoided by careful 
selection by the surgeon. Exclusion criteria should be 
placed on graft requests. It is the responsibility of the 
surgeon to specify an age range for tissue. Most stud- 
ies have shown a negative correlation between age and 
graft strength. Blevins and colleagues, however, 
have shown no correlation between age and graft 
strength in specimens from donors 17 to 57 years old. 
Nevertheless, we recommend obtaining grafts from 
donors 40 years of age or younger to ensure optimal 
graft strength. 

Tunnel Widening and Cysts 

As tunnel widening and cysts are relatively infrequent 
complications of allograft reconstruction, they are diffi- 
cult to anticipate and avoid. They are thought to result 
from poor graft healing in the tunnel, with necrosis and 
inflamation leading to destruction of the surrounding 
bone. Presumably avoiding oversized grafts with resul- 
tant necrosis of the avascular portions may decrease this 
complication. 

SALVAGE OF COMPLICATIONS IN 
ALLOGRAFT ACL RECONSTRUCTION 

Complications associated with allograft ACL recon- 
structions usually present complex management deci- 
sions to the treating surgeon. The previously described 
shortcomings can be divided into three main treatment 
categories : disease transmission/ infection , complica- 
tions without frank graft failure, and failure of the re- 
construction. 

Disease Transmission/Infection 

As noted previously, transmission of viral and bacterial 
infections in allograft tissue is of paramount concern to 
both the surgeon and the patient. The treatment of vi- 
ral infections such as hepatitis and HIV are beyond the 



scope of this chapter, and fortunately viral transmission 
is quite rare. 

Bacterial infections after allograft reconstruction also 
occur infrequently with apparently no higher incidence 
than with autografts. If infection does occur, ag- 
gressive treatment is required, including cultures with 
sensitivities before administration of antibiotics, surgical 
lavage and debridement (usually arthroscopic), and treat- 
ment with broad-spectrum antibiotics that are tailored 
to culture results. 

The question of whether to remove the graft fixation 
hardware is difficult. We usually leave the graft intact if 
it appears viable and functional without obvious signs of 
intrasubstance necrosis. If the graft is left in place, any 
devitalized or fibrous tissue surrounding the graft needs 
to be removed, which occasionally includes a small por- 
tion of the graft. If the graft is preserved, and the in- 
fection does not resolve on appropriate antibiotics after 
the first or subsequent debridements, the graft should 
be removed. Because of avascularity and slow matu- 
ration of allografts, we tend to be more aggressive in 
their debridement. 

Fixation hardware should generally be removed, es- 
pecially intraarticular interference screws. It is usually ad- 
visable to remove extraarticular hardware as well. Oc- 
casionally, extraarticular fixation may be left in place in 
an acute situation prior to complete graft healing. How- 
ever, hardware should be removed immediately if there 
is any indication of infection at the fixation site, or if 
symptoms persist after the first debridement and ap- 
propriate antibiotics. 

After the infection has stabilized, we recommend a 
minimum of 6 weeks of intravenous antibiotic therapy. 
If the patient remains symptom free with no evidence 
of infection (negative clinical, laboratory, and radi- 
ographic studies), revision may be carried out, if indi- 
cated, after 1 year. 

Complications without Frank Graft Failure 

As discussed previously, tunnel widening, tibial cysts, 
and graft laxity occur with allograft ACL reconstructions. 
Cysts and tunnel widening often occur without failure 
of the graft. Generally, tunnel widening is 
asymptomatic and no surgical treatment is necessary. 
We recommend close follow-up and educating the pa- 
tient concerning the possibility of graft failure or cyst 
formation. We have successfully treated tibial cysts with 
hardware removal, debridement, and freeze-dried can- 
cellous allograft bone grafting. Infection should be 
ruled out at the time of debridement as well. Despite 
graft necrosis in the tunnel, most of these patients re- 
main stable after this treatment. 

Laxity has been observed in late follow-up of ACL 
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allografts. Presumably this occurs because of slow graft 
incorporation and must be treated on an individual ba- 
sis. Frequently, mild objective laxity on physical exam 
or arthrometer testing is clinically asymptomatic. Mini- 
mally symptomatic patients often respond to quadriceps 
and hamstring strengthening exercises and bracing. If 
significant symptomatic laxity is present and does not 
respond to rehabilitation and activity modification, revi- 
sion surgery is often necessary, as outlined below. 

Failure of the Reconstruction 

Unfortunately, many of the shortcomings described 
above result in graft failure, and revision must be con- 
sidered. Prior to undertaking an ACL revision, the sur- 
geon and patient must consider both nonoperative and 
operative treatment options and discuss what goals can 
be accomplished with an ACL revision. Often years have 
passed between the initial surgery and subsequent fail- 
ure, and changes in patients’ lifestyle may allow them 
to tolerate an ACL-deficient knee. Patients must also 
understand that revisions usually require longer periods 
for healing, a prolonged rehabilitation, and perhaps in- 
ferior results compared with their index procedure. Pa- 
tients should also realize that two procedures may be 
necessary for a successful reconstruction, which will fur- 
ther prolong their rehabilitation and return to activities. 

Preoperative planning for revision surgery includes 
careful analysis of what caused the graft failure. Grafts 
generally fail because of technical or diagnostic reasons, 
biologic reasons, or traumatic rupture in a technically 
sound reconstruction.^^ Of these, technical flaws are the 
most common reasons for failure and include errors in 
tunnel placement, fixation, graft selection, notch im- 
pingement, and failure to treat associated laxities. Bio- 
logic failures occur with any graft tissue, but in our ex- 
perience are more commonly seen with allografts. We 
see significantly more traumatic ruptures of allografts 
than autografts though these are likely biologic failures. 
They are frequently seen at approximately 5 years post 
operatively, and occasionally occur with relatively minor 
trauma. 

Treatment of these allograft failures depends pri- 
marily on previous tunnel placement and fixation tech- 
nique. Femoral tunnel placement and whether the hard- 



ware is intraarticular or extraarticular usually dictates 
whether a one- or two-stage procedure will be per- 
formed. The tibial and femoral tunnels in the failed re- 
construction may be too anterior, in the correct posi- 
tion, or too posterior. Generally, an anteriorly placed 
femoral tunnel is frequently encountered in revision 
surgery, and results in a graft that is overloaded in flex- 
ion. Failures are also frequently seen with anteriorly 
placed tibial tunnels, which result in graft impingement 
at the notch. It is crucial to avoid compromising revi- 
sion tunnel placement because of previously placed tun- 
nels and hardware. 

Hardware is usually removed, but if it does not in- 
terfere with visualization or drilling of the proper revi- 
sion tunnel, it may be left in place. We have found ex- 
traarticular hardware to be more amenable to one-stage 
revision than interference screw fixation. Removal of en- 
doscopically placed femoral interference screws often 
results in an unacceptably large defect requiring bone 
grafting. Frequently, interference screws placed with a 
two-incision technique and rear-entry guide are less 
problematic, as an endoscopic revision will place the 
femoral tunnel more vertically, often avoiding the exist- 
ing hardware. 

Our approach to revision of failed allografts is as fol- 
lows. Initially hardware is removed if necessary, followed 
by graft debridement. As noted previously, allograft tun- 
nels are often widened with bone loss secondary to graft 
necrosis and inflammation. It is crucial to clean the ex- 
isting tunnels of all graft material and inflammatory tis- 
sues to provide an environment that will encourage graft 
healing. This is accomplished by placing a guide pin up 
the existing tibial tunnel and hand reaming, starting with 
a reamer approximately 1 mm smaller than the exist- 
ing tunnel and proceeding until healthy cancellous bone 
is exposed. In the event a previous bone block construct 
has been used and there is a well-healed tunnel, de- 
bridement is not necessary if a new tunnel can be placed 
without significant overlap. The femoral tunnel is ad- 
dressed in a similar manner. 

If the revision tunnel has no overlap with the primary, 
a one-stage revision can be carried out with bone graft- 
ing of the primary tunnel if necessary (Table 10.3). If 
there is minimal overlap, a larger bone block or soft tis- 
sue graft with bone block interposition to fill the tunnel 



Table 10.3. One-versus two-stage revision of allograft ACL reconstructions 



One-stage revision 


Two-stage revision with bone grafting 


Primary tunnels in acceptable position 
Minimal bone loss with removal of 
hardware (often extraarticular) 

No tunnel widening/cyst formation 


Tunnels malpositioned with significant overlap 
Significant bone loss (often endoscopically 
placed interference screw) 

Tunnel widening with significant bone loss 
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can be utilized. Unfortunately, with allograft revisions 
the tunnels are frequently widened and unacceptably 
large for a one-stage procedure. In this setting we rec- 
ommend bone grafting of the existing tunnels with 
freeze-dried cancellous allograft or iliac crest autograft 
bone. We allow 3 months for bone healing and then 
treat the revision as we would a primary ACL recon- 
struction. 

Graft choices for allograft revisions are the same as 
with a primary reconstruction, as no autogenous tissue 
has been used. Repeat allograft reconstruction is one 
option, and is often advantageous as large bone blocks 
can be used to fill existing defects. Noyes et al^^ re- 
ported a 33% failure rate in allograft revisions, related 
to both instability and functional limitations, which cor- 
related with chondral lesions. Harner and colleagues, 
however, have reported good results using allograft in 
revision surgery. We recommend use of autogenous tis- 
sue whenever possible in treating allograft failures. We 
feel the autogenous tissue has better healing potential 
and may avoid biologic issues, which may have predis- 
posed the original allograft to failure. Patellar tendon 
has advantages of bone blocks and can be used to fill 
defects. Quadriceps tendon also provides a bone block, 
but we prefer other graft sources. We have had good 
results with quadrupled semitendinosus and gracilis 
grafts. Good fixation can be obtained with newer fixa- 
tion devices. If necessary, bone can be incorporated into 
these grafts to help fill large tunnels. 

CONCLUSIONS 

We currently feel the complications associated with al- 
lograft ACL reconstruction outweigh the advantages. 
While short-term follow-up studies report good results, 
there is a trend toward increased laxity and failure in al- 
lograft reconstruction compared to autograft. Additional 
long-term studies are necessary to elucidate the fate of 
ACL allografts. If at all possible, autogenous tissues 
are recommended for primary and revision ACL re- 
construction. Many of the indications for allograft re- 
construction (patellofemoral problems, previous patellar 
tendon graft use) can be addressed with the use of ham- 
string grafts. Use of these grafts has virtually eliminated 
our allograft use in primary ACL reconstruction. Addi- 
tionally, more aggressive rehabilitation programs seem 
to be decreasing the incidence of complications associ- 
ated with middle one-third patellar tendon autograft use. 
This will likely decrease the use of allografts among sur- 
geons who routinely use patellar tendons. 

Fortunately, allografts do provide a reliable graft 
source if autogenous tissues are not available. If auto- 
graft tissue is available, it is our first choice for primary 



and revision ACL reconstruction. We currently use al- 
lografts only in multiligament reconstructions and in re- 
visions where autogenous tissue have been used. 
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A nterior cruciate ligament (ACL) reconstruction is 
now widely accepted and routinely performed. 
It is estimated that 60,000 to 75,000 surgical 
procedures are performed annually in the United States. 

Several graft sources have been employed since the 
development of current reconstruction techniques in the 
1980s. Ligament substitutes included autogenous tissue, 
allografts, and synthetic materials. Initially, synthetic 
devices were popular. Early results appeared promising 
and the concerns of graft-site morbidity and disease 
transmission were nonexistent. However, as long-term 
follow-up became available, there were unacceptably 
high failure rates from synthetic reconstructions, with 
many associated problems. Subsequently, many patients 
have had additional surgery including revision ACL re- 
construction or simply graft removal. 

At the present time in the United States, synthetic 
substitutes have been removed from the market and are 
no longer indicated for use in primary ACL reconstruc- 
tion. However, several patients still have synthetic liga- 
ments and these patients may require additional treat- 
ment. This chapter discusses the various synthetic 
ligaments that may be encountered, and a treatment 
plan and technique for revision. 

HISTORY 

In 1914, Corner^ presented one of the earliest de- 
scriptions of prosthetic ACL reconstruction. He replaced 
the torn ACL of a football player with a loop of silver 
wire. This description predated Hey-Groves^ by 3 years; 
in 1917, he gave what is felt to be the first true de- 
scription of an ACL reconstruction. 



Since then there have been many advances in ACL 
surgery, and multiple synthetic substitutes have been in- 
troduced and subsequently removed from the market. 
History has shown many potential problems related to 
prosthetic ligaments. Problems from early breakage due 
to repetitive loading, to fixation failures, and to reac- 
tions of the synovial host tissue to the implant have all 
occurred. 

SYNTHETIC LIGAMENT CLASSIFICATION 

Prosthetic ligaments are designed to function in one of 
three ways. Permanent ligaments, such as the Gore-Tex 
and Stryker Dacron ligaments, are designed with high 
strength and are built to resist fatigue failure. They rely 
on inherent mechanical properties to resist load over a 
prolonged period of time. They receive no contribution 
from the host tissue or new tissue growth. 

The second type of prosthesis is designed to augment 
the strength of the autogenous intraarticular graft tissue. 
These augmentation devices or stents improve the se- 
curity of fixation and provide greater strength during the 
early healing and rehabilitation phase. The autogenous 
tissue increases its strength over time and the augmen- 
tation device becomes less important. 

The final type of prosthetic ligament is a scaffold or 
ingrowth type of device. These ligaments rely on the 
host s collagen derived from the fibroblasts present in 
the knee. The collagen may fill in spaces within the ex- 
isting graft, as with the Leeds-Keio, or may actually re- 
place the scaffold as it is degraded over time as in a car- 
bon fiber ligament. Theoretically, the newly developed 
tissue can last indefinitely without fatigue failure. 
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Figure 11.1. Gore-Tex ligament is composed of polytetra- 
fluoroethylene (PTFE). The prosthesis is constructed from a 
single strand of material wound into multiple loops. 



Permanent Grafts 

Gorc-Tcx 

The Gore-Tex ligament graft was one of the most 
popular grafts used in the United States. The ligament 
is composed of polytetrafluoroethylene (PTFE). The 
prosthesis is constructed from a single strand of the ma- 
terial wound into multiple loops. The strands are then 
woven into a three-bundle braid with fixation at each 
end (Fig. 11.1). Permanent fixation is thought to occur 
by tissue ingrowth into the strands of the graft within 
the bony tunnels over a period of 6 months. The ulti- 
mate strength of the graft is 5,300 N, which is roughly 
2V2 times that of the native ACL. It is also much stiffer 
than the ACL, with only 2% to 5% strain at failure com- 
pared to 25% for the ACL.^ 

The graft was approved by the Food and Drug Ad- 
ministration (FDA) in October 1986 for general use in 
patients with failed previous ACL reconstructions . The 
early reports on this ligament were promising. Indeli- 
cato et al^ presented a satisfactory outcome in 87% of 
his patients at 2 year follow-up, and a study from our 
institution looking at 61 patients showed improved sub- 
jective and objective criteria.^ However, there were still 
problems. Indelicate et al had nine patients with effu- 
sions, and on a follow-up study at 36 months they noted 
11 failures.^ In our study there were five complete rup- 
tures, three infections, and 16 sterile effusions, five of 
which became chronic. 

Paulos et aF found less than 50% improvement in 
subjective and objective factors in his series of 188 pa- 
tients followed for 4 years. They had a total complica- 
tion rate of 76% in those patients who had had a pre- 
vious intraarticular ACL reconstruction. Sledge et aF 
found a 29% failure rate in their 5-year follow-up and 
recommended that the graft no longer be used.^ 

The ligament was removed from the market by its 
manufacturer in 1993. The Gore-Tex CD, the second- 



generation ligament, which was still in multicenter tri- 
als, was similarly removed at the same time.^ 

Stryker Dacron 

The Stryker Dacron prosthetic ligament was a com- 
posite of four Dacron tapes surrounded by a Dacron 
velour sleeve. It was originally designed as an augmen- 
tation device for use with the iliotibial band. However, 
the ligament had an ultimate tensile strength of 3,600 
N and it became commonly used as a permanent pros- 
thesis.^ When used in this fashion, no significant in- 
growth was noted intraarticularly. 

The graft, too, appeared promising in the early re- 
sults and short-term follow-up. However, long-term stud- 
ies again identified problems. Wilk and Richmond re- 
ported a failure rate of 35.7% at 5 years in 84 patients. 
This was a dramatic increase from the 20% failure rate 
they saw at 2 years. Gillquist and Odensten^^ prospec- 
tively followed 70 patients for 5 years and reported good 
to excellent results in only 56%, and a 23% graft rup- 
ture rate. In 1997, they presented long-term follow-up 
of the same patients. The overall rupture rate increased 
to 44%, 29% had undergone second reconstructions, 
and five had third reconstructions; 83% had radio- 
graphic arthritic changes and only 14% had acceptable 
knee stability and function. 

Stryker discontinued this product in 1994. 

Scaffold Prostheses 

Leeds-Keio 

The Leeds-Keio (LK) graft is popular internationally. 
It was designed in a collaboration between Leeds Uni- 
versity in England and Keio University in Japan. It is a 
polyester fiber graft woven to form a mesh structure 
(Fig. 11.2). The open weave was designed to promote 
ingrowth. The graft is secured with two bone plugs in 
a press-fit application. Without ingrowth, the ultimate 




Figure 11.2. Leeds-Keio ligament is a polyester fiber graft 
woven to form a mesh structure. 





1 1; Complications and Pitfalls in ACL Reconstruction with Synthetic Grafts 115 



strength is roughly 850 N; however, with fibrous tissue 
ingrowth the strength had been shown to be in excess 
of 2,000 N 9 

Over 14,000 grafts have been implanted around the 
world, but the graft has not been approved for use in 
the United States. Denti et al^^ presented their results 
at 33 months follow-up on 26 patients. They found im- 
provements in both objective and subjective factors and 
had two reported ruptures. Fujikawa, one of the de- 
signers at Keio, reviewed 152 patients who had greater 
than 4 years follow-up. Postoperatively, 90.1% had neg- 
ative Lachman tests and 82.2% had negative anterior 
drawer tests. No patients had chronic effusions, syn- 
ovitis, or infections. Arthroscopy was performed on 42 
cases. At 3 to 4 months postoperation, the implant was 
covered with newly formed immature fibrous tissue. At 
6 to 7 months there was decreased surface vascularity, 
and at 1 year the graft appeared mature, with an ap- 
pearance resembling the native ACL in both shape and 
thickness. Rupture occurred in only 3.3% of cases. How- 
ever, Engstrom et aP^ compared the LK graft to auto- 
genous patellar tendon (PT) in a prospective random- 
ized study. There were 26 PT and 29 LK patients. Those 
patients in the LK group had significantly higher in- 
strumented anterior laxity testing and greater pivot shift. 
The authors concluded that at 28-month mean follow- 
up the LK graft did not meet satisfactory criteria for 
ACL reconstruction. 

Augmentation Devices 

Ligament Augmentation Device (LAD) 

The LAD was introduced in 1979 by Dr. John 
Kennedy^^ working with the 3M company. This device 
was a flat braid of high-strength polypropylene (Fig. 
11.3). It had an ultimate strength of 1,500 N and 3% 




Figure 11.3. LAD (Ligament Augmentation Device) is a flat 
braid of high-strength polypropylene introduced in 1979 by 
Dr. John Kennedy. 



creep, with dynamic loading of 500 N. This profile was 
much lower than the other permanent prosthetic liga- 
ments, and if used alone early failure would certainly be 
expected. It was developed as a load-sharing device, de- 
signed to deflect some of the force on the autogenous 
graft during the early healing process. 

The LAD was secured to the autogenous graft at only 
one end. If fixed at both ends, then stress shielding would 
result in the autogenous graft and thus the LAD would 
be acting as a permanent ligament rather than a stent. 
Thus, the load-sharing concept was essential to the suc- 
cess. The stent would protect the graft from excessive 
stress while the graft was weak. As revascularization oc- 
curred, the strength and stiffness improved and the au- 
togenous graft carried a greater proportion of the load. 

Animal and early human studies appeared promis- 
ing. The initial studies by Roth et aF^ evaluated the re- 
sults with a Marshall-Mcintosh technique reinforced with 
the LAD. They found significant improvements in terms 
of functional stability and laxity. Del Pizzo^^ evaluated 
his patients with a 3-year minimum follow-up ; 95% had 
a 0 to 1+ pivot shift and 72% had less than 3-mm lax- 
ity with arthrometer testing. The infection rate was 
0.7%; 1% had sterile effusions and 1.4% had graft rup- 
ture. In 1996, Thuresson et aF^ compared patients with 
and without LAD augmentation of autogenous patellar 
tendon ACL reconstructions. The outcome was good in 
both groups. There was no significant difference in the 
Lysholm knee function scores. 

COMPLICATIONS 

Several commonly encountered complications of pros- 
thetic ACL grafts are now accepted, and consequently 
these devices are no longer routinely used in the United 
States. That does not mean, however, that the prob- 
lems will no longer be encountered. There are still many 
patients who have prosthetic ligaments, and there re- 
mains the possibility that these patients will still present 
with problems and possible need for revision surgery. 

Rupture, synovitis and chronic effusions, and osteol- 
ysis are the problems that may still be encountered. Ad- 
ditionally, there was a higher risk of postoperative in- 
fection. The reported incidence of infection was as high 
as 2% to 3%.^ While disastrous, this is more likely to 
occur in the perioperative period and is thus not very 
likely to be encountered. Like most other postoperative 
infections, the findings can be quite dramatic, and usu- 
ally the graft must be removed. 

Rupture 

Despite ultimate strengths much higher than the native 
ACL, rupture of permanent prosthetic grafts occurred 
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frequently. Ruptures have been associated with abrasion 
within the osseous tunnels, improper positioning lead- 
ing to poor stress distribution or abrasion, and primary 
fatigue failure related to the repetitive cyclical load- 
ing 3 , 20 

While primary failures occur from cyclical loading, the 
majority of ruptures appear to begin with abrasion. 
Abrasion can occur within the osseous tunnel, from in- 
adequate notchplasty, or from improper tunnel posi- 
tioning. The graft can be abraded where the tunnel en- 
ters the joint. It is important to avoid steep angles, and 
the tunnel edges should be chamfered to avoid sharp 
bony surfaces that can lead to graft fraying with repet- 
itive cycling. 

Proper notchplasty is also imperative. If the notch is 
not wide and deep enough to allow for the prosthesis, 
then there wilLbe abrasion with repetitive cycling, which 
can lead to failure. The amount of bone resection is 
mandated by the prosthesis used, the size of the notch, 
and the position of the tunnels. With anatomically cor- 
rect tunnel positions, often only a very limited notch- 
plasty needs to be performed. However, the graft must 
be tested to be sure that full extension can be achieved 
without any impingement. Howell and Taylor^ ^ have 
carefully documented the effects of graft impingement, 
particularly as to how it affects an anteriorly placed graft. 

Improper femoral placement anteriorly often results 
in failure. During terminal extension the graft will be im- 
pinged by the roof of the notch, which can lead to loss 
of extension, graft abrasion, and eventual graft failure. 
Additionally, the anteriorly placed graft will tighten as 
the knee is flexed, thereby capturing the joint resulting 
in increased graft tension and loss of flexion. Conversely, 
a posteriorly positioned graft will have excessive tension 
in extension and will be lax in flexion. 

Synovitis and Chronic Effusions 

Synovitis is commonly encountered in patients who have 
prosthetic ligaments within the knee. It has been re- 
ported to occur with a permanent prosthesis as well as 
the LAD. The synovitis is most commonly due to par- 
ticulate debris within the joint, which results in synovial 
irritation that manifests as an effusion with swelling and 
pain. There may also be associated warmth and leuko- 
cytosis despite the absence of infection. If transient, this 
can be treated with aspiration, nonsteroidal antiinflam- 
matory drugs (NSAIDs), and joint rest. However, when 
related to abrasion and prosthetic wear, the knee may 
develop chronic effusions and may often require graft 
removal. 

The effect of particulate debris has been carefully 
studied using animal models at the University of Pitts- 
burgh. Olson et aF^ examined the effect of seven dif- 



ferent prosthetic ligaments on synovial cells both in vitro 
and in vivo. All ligaments induced significantly elevated 
enzyme levels including interleukin- 1, collagenase, and 
gelatinase, which are all detrimental to the joint. The 
foreign body response resulted in synovial hypertrophy 
and giant cell and macrophage accumulations about the 
wear particles. The extent of the foreign body reaction 
was based on the type of ligament and amount of par- 
ticulate debris. Xenografts and carbon fiber grafts had 
the most enzyme production. 

Osteolysis 

Osseous tunnel changes can also be seen. Osteolysis has 
been reported by Seeman and Steadman^^ following 
the use of Gore-Tex grafts. The authors noted pro- 
gressive widening of the tunnel over time, which often 
resulted in late failure, as the tunnel widening causes 
functional incompetency of the graft. The precise mech- 
anism of osteolysis has not been elucidated. However, 
it has been hypothesized that this is an enzyme-medi- 
ated problem as well. The interleukin- 1 that is released 
in response to the wear debris is felt to gravitate to the 
tibial tunnel via the intraarticular opening, where it stim- 
ulates a foreign body response, resulting in bone re- 
sorption. 

The osteolysis can often be seen on plain radio- 
graphs. There is widening about the osseous tunnel, with 
sclerosis along the margins. If there is a question as to 
the extent of the lysis, then either a computed tomog- 
raphy (CT) scan or magnetic resonance imaging (MRI) 
should be done to better demonstrate the extent of the 
changes. Either can be quite useful for preoperative con- 
sideration when contemplating a revision. In those cases 
where the defect is quite large, the revision can be 
staged. The graft is first removed, and the tunnel is bone 
grafted. The revision is then performed several weeks 
later, after the graft has incorporated. 

Lymphadenopathy 

A more recent complication of the Gore-Tex graft has 
been reported. Wilson et identified two patients who 
developed inguinal lymphadenopathy. Both patients had 
Gore-Tex CD ligaments in place at the time the lymph- 
adenopathy developed. The patients developed chronic 
knee effusions and subsequently underwent graft re- 
moval 1 year after the lymphadenopathy was first noted. 
The patients both had superficial inguinal lymph nodes 
excised at the time of surgery. 

Microbiologic and histologic examinations were per- 
formed including electron microscopy. The findings 
were consistent with acute lymphadenitis, with Gore- 
Tex particulate debris identified within the lymph node. 
Thus, there may be effects distant from the knee as well. 
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TECHNICAL CONSIDERATIONS 
Preoperative Evaluation 

The preoperative evaluation of patients with failed pros- 
thetic ACL reconstructions is important for many rea- 
sons. It is at this time that the surgeon must counsel the 
patient. The patient must have realistic expectations. 
Results following revision ACL reconstruction do not 
compare favorably with primary procedures. It is im- 
portant to emphasize that the surgery is a salvage pro- 
cedure. The goal is to allow patients to perform their 
activities of daily living without instability, and patients 
must understand that they may not be able to return to 
sports. False expectations can lead to a subjective fail- 
ure despite a technically successful procedure. 

Once a decision is made to proceed with revision re- 
construction, several details must be addressed prior to 
surgery. A careful history should be obtained. The sur- 
geon should address aspects of the primary procedure 
as well as the postoperative rehabilitation, return to ac- 
tivity, and time frame of the sensation that the surgery 
has failed. Instability rather than pain should be identi- 
fied in patients considering revision. A painful knee that 
demonstrates some laxity on examination is quite dif- 
ferent from a knee demonstrating recurrent instability. 
Pain can be due to several factors often unrelated to the 
laxity, and such patients often will not improve even if 
their ACL reconstruction is revised. 

The physical examination should be comprehensive. 
Other causes of pain should be sought. Range of mo- 
tion and crepitus should be noted. Any sign of sepsis 
must be noted and fully investigated . The patient s gait, 
alignment, and stability are evaluated. The physician 
must carefully address the secondary restraints in addi- 
tion to the anterior instability. Unrecognized laxity may 
be the difference between success and failure of the re- 
vision reconstruction. 

Radiographs are also recommended. Weight-bearing 
anteroposterior and 45-degree posteroanterior x-rays 
are helpful in determining alignment and articular wear. 
Lateral radiographs in full extension allow evaluation of 
the tunnel position and size. Patella axial views and long- 
standing films (i.e., standing weight-bearing films on long 
films or cassettes) are also useful. If there is concern about 
significant tunnel osteolysis on the x-rays, then CT or 
MRI can be done to gain better understanding of the de- 
fect. While the CT scan allows better bony definition, 
the MRI provides greater information with regard to 
meniscal injury and the status of the articular surfaces. 

The previous records should be obtained, as they may 
provide valuable information that can dictate prognosis 
and facilitate the procedure. The original operative re- 
port can be quite helpful. The status of the knee at that 



time can be determined. Attention should be directed to 
the condition of the menisci and the articular surfaces. 
The type of prosthetic graft and technique should be 
gleaned. The exact hardware should be noted so that 
the necessary equipment can be obtained for future re- 
moval. 

Staging 

If there is significant tunnel enlargement, then staged 
reconstruction should be considered. The first procedure 
would involve graft removal, tunnel curettage, and bone 
grafting. The revision can then be performed 6 to 12 
weeks later, once the graft has incorporated. Further- 
more, if patients have significant loss of motion, lack- 
ing greater than 5 degrees extension or 20 degrees flex- 
ion, then the first goal becomes restoration of motion, 
and the revision procedure may need to be staged. 

Skin Incisions 

Skin incisions should be carefully planned to avoid com- 
plications. Whenever possible, previous incisions should 
be reused if they will allow access to proper tunnel place- 
ment and allow hardware removal. Skin bridges of less 
than 7 cm should be avoided. Periosteum should be han- 
dled gently and closed when possible to avoid compli- 
cations. Allografts usually require smaller incisions and 
should be considered if the skin is of particular concern. 

Hardware Removal 

With present ACL fixation techniques, there is a myr- 
iad of different types of hardware. Occasionally, the 
hardware does not interfere with the revision procedure. 
In those cases, it can be left alone. Flowever, in most 
prosthetic ligament revisions, the fixation will need to 
be removed. If the exact type of hardware can be de- 
termined, then the proper equipment can be made avail- 
able. But actual removal can be difficult. Soft tissue or 
bone often obscures the device. To successfully remove 
interference screws, the proper screwdriver must be 
completely seated, and thus the knee flexion angle of 
screw insertion must be duplicated. Thus, it may be nec- 
essary to remove the overlying tissue, and curettes, a 
burr, or coring reamers may be required. If the screw 
is stripped, it can be drilled out. But often, excessive 
bone will also be removed, necessitating a staged pro- 
cedure. If staples are used, then the appropriate ex- 
tractor or osteotome should be used. 

The surgeon should be capable of doing different 
techniques for revision. Often changing from an endo- 
scopic to two-incision technique, or vice versa, can avoid 
the need for hardware removal. This may allow preser- 
vation of bone stock and reduce operative time. 
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Prosthetic Ligament Removal 

The prosthetic ligament must be removed at the time 
of revision. It is ideal to remove the prosthesis en bloc. 
A gouge can be used to loosen the bony attachments 
prior to removal. It is necessary to remove the bony at- 
tachments circumferentially so that the entire graft is re- 
moved. If particulate debris is left behind, there is the 
potential for a marked inflammatory response, with pos- 
sible bone tunnel and cartilage destruction. The arthro- 
scope can be inserted into the intraosseous tunnels to 
confirm that the entire prosthesis has been removed. If 
the synthetic ligament demonstrates intraarticular dam- 
age, then it may be necessary to perform a concomi- 
tant synovectomy to eliminate the particulate debris. 
Two-staged reconstructions are often necessary in cases 
where there is marked tunnel osteolysis from the syn- 
thetic ligament. 

Revision Notchplasty 

Most revision cases require repeat notchplasty. There 
can be natural regrowth of up to 1 cm following an ACL 
reconstruction. In cases where failure was due to graft 
impingement, revision notchplasty is imperative. The 
roof and lateral wall can both cause graft impingement 
and must be addressed at the time of revision. It is nec- 
essary to remove enough bone to prevent impingement 
and to allow visualization for proper tunnel placement. 
The over-the-top position and the previous tunnels must 
be visualized prior to creating any new tunnels. Exces- 
sive bone removal must be avoided, however, to ensure 
adequate bone stock is maintained for proper graft fix- 
ation. 

Bone Tunnel Placement 

Proper bone tunnel placement is the most important 
and challenging aspect of a revision ACL reconstruc- 
tion. When the original tunnels are placed improperly, 
new tunnels must be created. 

On the femoral side, the most common situation re- 
veals the original tunnel is placed too far anteriorly. In 
this case, often a new tunnel can be drilled posterior to 
the original one and existing hardware need not be re- 
moved. If the tunnel is only slightly anterior, there are 
several options. First, the tunnel can be expanded pos- 
teriorly, and a larger graft bone plug (allograft) can be 
used. For autograft use, alternative fixation techniques, 
such as stacked interference screws, may be required in 
these cases. Alternatively, a two-incision technique can 
be used to move the tunnel more posteriorly and allow 
fixation within the tunnel. Rosenberg^^ advocates a bi- 
socket technique, which allows the creation of two small 
tunnels posterior to the malpositioned tunnel. A ham- 



string graft is divided in half and each half is placed into 
a 6-mm tunnel and fixed with separate Endobuttons. 

When the existing tunnel is placed too far posteri- 
orly, the posterior wall is often deficient, which will re- 
quire converting to a two-incision or over-the-top tech- 
nique. In those cases where a Gore-Tex ligament was 
used, the femoral tunnel is positioned over the top and 
thus a new femoral tunnel can be created in a standard 
fashion. Finally, when the intraarticular position is ade- 
quate, changing from a two-incision to endoscopic tech- 
nique can facilitate graft placement and fixation. 

It is possible to apply similar principles to the tibial 
tunnel. If placed too anteriorly, the graft will impinge and 
fail. Often the existing tunnel and hardware can be ig- 
nored and a new tunnel can be created more posteri- 
orly. If the tunnel is slightly malpositioned so that the ex- 
isting tunnel must be incorporated, then the tunnel is 
expanded anteriorly or posteriorly and a larger bone 
block is used as in the femur. For large capacious tun- 
nels, the surgeon can either use bone graft simultane- 
ously with the new ACL graft or stage the reconstruc- 
tion. Most commonly, capacious tunnels are encountered 
with failed synthetic or allograft reconstructions. 

Graduated tunnel expanders can be rather helpful 
when fashioning these new tunnels (Instrument Makar, 
Okemos, MI). They are available commercially and al- 
low the surgeon to create a small-diameter hole initially, 
which can then be enlarged in a controlled progressive 
manner. Thus, there is less risk of cortical perforation. 
Additionally, the expanders allow compacting of bone, 
which can aid in better graft fixation. 

Graft Selection 

Graft selection is important when considering revision 
ACL reconstruction. The decision to be made is between 
autograft and allograft. Both have advantages and dis- 
advantages and there are advocates for both graft 
sources. Autografts include bone-patellar tendon-bone, 
hamstrings, quadriceps-patella, and iliotibial band. These 
grafts offer shortened incorporation times without the 
potential for disease transmission or immunologic reac- 
tion. However, there is associated morbidity, and in the 
revision situation availability may prevent or limit the 
use of autologous tissue. Contralateral bone-tendon- 
bone (BTB) grafts have been used by Shelbourne’s 
group^^ with no significant complications reported. Re- 
peated ipsilateral BTB harvesting has been reported and 
is more commonly used in Europe. MRI studies have 
documented reconstitution of the central one-third of 
the BTB donor site at 1 year.^^’^^ Karns et aP^ re- 
ported a revision case that used a reharvested patellar 
tendon 4 years after the primary reconstruction. While 
this sounds enticing, there are no biomechanical stud- 
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ies docunaenting the mechanical properties and tensile 
strength of the reharvested graft. Furthermore, Hang et 
aP^ have shown that there is no longer the same his- 
tologic composition at the tendon-bone interface of the 
reconstituted ligament, and suggest that this is scar tis- 
sue rather than actual reconstituted ligament. Thus, at 
the present time we cannot recommend the routine use 
of this graft. 

Allografts include bone-patellar tendon-bone, calca- 
neus-Achilles tendon, and iliotibial band. These grafts 
have been used successfully for both primary and revi- 
sion ACL reconstructions. There are several advantages 
to their use: shorter operative times, smaller incisions, 
and no potential for donor-site morbidity. Furthermore, 
there is relatively no size limitation. In the revision case, 
there may be need for larger tunnel diameters, which 
can more easily be accommodated with larger allograft 
bone plugs. However, there are disadvantages inherent 
in the use of allograft tissue: potentially longer incorpo- 
ration times, theoretical immunologic reactions, and the 
inherent cost. But the greatest risk is the potential for 
viral disease transmission. It is presently estimated that 
the risk of disease transmission with allograft use is less 
than 1 per 1,000,000 uses, assuming the present Amer- 
ican Association of Tissue Banks (AATB) guidelines are 
rigidly followed. With the present AATB protocol, there 
has never been a reported case of viral transmission from 
allograft connective tissue. Unfortunately, freezing 
does not eradicate the virus. Radiation, however, will kill 
the virus, but the necessary dosage will also alter the col- 
lagen and reduce the graft strength. 

Thus, graft selection needs to be individualized. The 
only absolute requirement is that the chosen graft have 
adequate strength to provide long-term stability. Beyond 
that, the ultimate decision is between the patient and 
the treating physician. 

Graft Fixation 

Graft fixation is critical in the early postoperative period 
following revision ACL reconstruction. If the tunnels are 
created without difficulty or significant bone loss, then 
routine fixation techniques can be employed. However, 
if there is any concern about fixation strength using 
these methods, then secondary techniques should be 
employed. Post and washer and staple fixation can eas- 
ily be added and used as secondary fixation. Further- 
more, there are always new techniques being developed 
for fixation, and it is recommended that the treating sur- 
geon become familiar with the different options. 

Associated Patholaxities 

Patients with chronic ACL insufficiency can develop lax- 
ity in their secondary restraints. Failure to address the 



associated instability will ultimately result in failure of the 
revision ACL reconstruction. Several structures can be 
responsible for these problems. Bony alignment, menis- 
cal loss, and rotatory instability patterns are commonly 
implicated. The surgeon must identify these problems 
preoperatively and address them at the time of recon- 
struction. 

In cases of anteromedial rotatory instability (AMRI), 
the posteromedial corner needs to be addressed. Often 
this instability can be treated by reefing the lax tissues. 
However, if there is significant AMRI and the patient 
has had a previous medial meniscectomy, then a me- 
dial meniscal transplant should also be considered. This 
allows the “break-stop mechanism” of the posterior me- 
dial meniscal horn to be restored. 

Chronic posterolateral rotary instability (PLRI) is more 
difficult to control. Several treatment options are avail- 
able, and the selected method is determined by the ex- 
tent of the instability. For severe laxity, reconstruction 
with autograft or allograft is often required. Patients with 
long-standing ACL insufficiency and PLRI can further 
develop marked varus alignment of the lower extrem- 
ity. In these cases it is also necessary to perform a val- 
gus osteotomy to correct the alignment and limit ten- 
sion on the reconstructed posterolateral corner. An 
osteotomy is also considered in those patients with ad- 
vanced articular cartilage changes and malalignment co- 
existent with the instability. 

REHABILITATION 

Rehabilitation following revision ACL reconstruction is 
rather different from the aggressive protocols used for 
primary ACL reconstruction. The general plan is much 
more conservative. The patients must be reminded that 
the results are less predictable and thus they must not 
exceed the limits placed upon them. Each rehabilitation 
protocol is individualized and is based on the type of re- 
construction, strength of fixation, and any associated re- 
constructions that were performed. Weight bearing is 
protected for up to 6 weeks, and return to activities is 
delayed. Patients should be advised that the return to 
sports cannot be guaranteed and will take at least 1 year 
to accomplish. 
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Complications and Pitfalls in Posterior 
Cruciate Ligament Reconstruction 

Gregory C. Fanelli and Timothy J. Monahan 



A nterior cruciate ligament (ACL) surgery is a fre- 
quently performed orthopedic surgical proce- 
dure in the United States. Posterior cruciate lig- 
ament (PCL) injuries occur less frequently in this country, 
and the experience of the orthopedic surgeon is corre- 
spondingly less for PCL examination, diagnosis, and sur- 
gical reconstructive procedures. Studies indicate that 
acute PCL injuries are related to geographic region, fre- 
quency of blunt trauma, and the population density of 
orthopedic surgeons. Fanelli^’^ reports a 38% inci- 
dence of PCL tears in acute knee injuries at his tertiary 
care regional referral center. The frequency of PCL- 
related injuries in this study is 38.3% (85 cases) of acute 
knee injuries in a study population of 222 knees; 48 
of the PCL injuries, (56.5%) were multiple trauma 
related, while 28 (32.9%) were sports related. There 
were only three isolated PCL injuries (3.5%), and 82 
(96.5%) PCL combined with one or more injured liga- 
ments. The most frequently encountered PCL/com- 
bined knee ligament injuries were PCL/posterolateral 
corner (35/85, 41.2%) and combined ACL/PCL tears 
(39/85, 45.9%). 

It is estimated that relatively few orthopedic surgeons 
perform PCL surgery when compared to ACL surgery, 
and complications may result from lack of experience 
in diagnosis, surgical techniques, and postoperative 
care. 

This chapter discusses the nature and type of each 
complication related to PCL surgery, how the particu- 
lar complication could have been prevented, and how 
to treat, manage, or salvage the problem. Our goal is 
to provide practical solutions to problems that may arise 
in conjunction with PCL surgery. Table 12.1 summa- 
rizes the complications associated with PCL surgery. 



ASSOCIATED LIGAMENT INJURIES 

Failure to recognize associated ligament injuries is pos- 
sibly the most common reason for poor results follow- 
ing PCL surgery. Studies have shown that the isolated 
PCL tear is an uncommon injury, and combined PCL/ 
posterolateral, and combined ACL/PCL instabilities are 
the most common injury patterns involving the PCL.^’^ 
Failure to recognize posterolateral instability that is com- 
bined with PCL instability is a common error, and is the 
most likely reason for poor results following PCL re- 
construction. PCL reconstruction without addressing or 
achieving good static posterolateral stability will yield 
poor results. Failure to correct the posterolateral laxity 
results in excessive external rotation at both 30 and 90 
degrees of knee flexion. This causes the posterior tibial 
insertion of the PCL to rotate medially and anteriorly, 
shortening the distance to its insertion on the medial 
femoral condyle, producing a functionally lax PCL.^ 
The best way to determine if there are associated lig- 
ament injuries in addition to the PCL injury is with care- 
ful history and physical examination, magnetic resonance 
imaging (MRI) studies in selected cases, and examination 
under anesthesia and diagnostic arthroscopy.^ Physical 
examination findings suggestive of multiple ligament in- 
juries include opening on varus/valgus stress on full ex- 
tension, grade 3 posterior drawer test, negative tibial 
step-off test, positive dial test, increased external rota- 
tion thigh foot angle test of 10 degrees greater than the 
normal side, and a positive posterolateral drawer test.^ 
If the integrity of other ligaments or capsular structures 
is in doubt based on physical examination, appropriate 
diagnostic studies should be performed. Examination un- 
der anesthesia and diagnostic arthroscopy are our pre- 
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Table 12.1. Complications associated with posterior 
cruciate ligament surgery 

Failure to recognize associated ligament injuries 

Neurovascular complications 

Persistent posterior sag 

Osteonecrosis 

Knee motion loss 

Anterior knee pain 

Fractures 



ferred methods for accurate evaluation; however, MRI 
may be useful if the above are impractical. The most 
predictable way to salvage knees with multiple ligament 
injuries is with the correct preoperative diagnosis, and 
appropriate treatment of all injured ligaments. 

NEUROVASCULAR COMPLICATIONS 

The neurovascular structures most at risk during PCL 
reconstruction are the popliteal artery and the tibial 
nerve. The neurovascular bundle is located posterior to 
the posterior horn of the lateral meniscus, with the pos- 
terior capsule of the knee joint interposed between the 
two structures^ (Fig. 12.1). 

Reconstruction of the PCL using the transtibial tun- 
nel technique involves passing a guidewire from ante- 
rior to posterior through the proximal tibia. The 
guidewire emerges at the inferior lateral aspect of the 
PCL fossa-tibial ridge area. The tunnel is subsequently 
created by reaming over the guidewire with a cannu- 
lated reamer. Arterial and/or nerve injury can occur with 
overpenetration of the guidewire during placement, or 
with inadvertent guidewire advancement during tibial 
tunnel reaming. It is also possible to cause neurovascu- 




Figure 12.1. Axial section at the level of the posterior cru- 
ciate ligament insertion demonstrating the relationship of the 
neurovascular structures and their proximity to the exit point 
of the drill bit. (From ref. 6, with permission.) 




Figure 12.2. Sagittal section demonstrating the relationship 
of the neurovascular structures to the drill bit that has pre- 
maturely exited the posterior cortex. (From ref. 6, with per- 
mission.) 

lar injury with the drill bit during reaming, either by di- 
rect contact of the drill bit or by “winding up” of the 
neurovascular structures (Fig. 12.2). 

There are several methods to make transtibial tunnel 
creation safer. The use of a spade-tip guidewire instead 
of a trochar-tip guidewire, the use of an oscillating drill, 
and the use of a tapered instead of a square drill bit will 
reduce the likelihood of penetration, or winding up the 
neurovascular structures.^ 

Intraoperative radiographs and image intensifica- 
tion/fluoroscopy help to confirm guidewire placement 
and to monitor guidewire and reamer position during 
drilling. The use of intraoperative C-arm image intensi- 
fier is cumbersome, and care must be taken not to com- 
promise the sterile field. 

The best method of neurovascular injury prevention 
during transtibial drilling is the use of a posteromedial 
safety incision"^’^’^ (Fig. 12.3). The posteromedial safety 
incision is a 2-cm incision made just inferior to the pos- 
terior medial joint line. The crural fascia is carefully in- 
cised, and the interval is developed between the poste- 
rior capsule of the tibiofemoral joint anteriorly and the 
medial head of the gastrocnemius muscle and the neu- 
rovascular structures posteriorly. The surgeon can then 
place his finger in this extracapsular position to moni- 
tor the position of tools, guide wires, reamers, and drill 
bits in the posterior aspect of the knee, thus protecting 
the neurovascular structures. 

Two additional advantages of the posteromedial 
safety incision are to provide better guidewire placement 
in the medial-lateral and superior-inferior planes, and to 
allow an escape pathway for extravasating arthroscopic 
irrigation fluid if a capsular tear occurs. This postero- 
medial safety incision will reduce or eliminate the likeli- 
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Figure 12.3. The posteromedial safety incision is made on the posteromedial aspect of the proximal tibia area just inferior to 
the medial joint line. This allows the surgeon’s gloved finger to assume an extraarticular position posterior to the capsule of the 
tibiofemoral joint, and anterior to the neurovascular structures. This facilitates guidewire placement and correct tibial tunnel po- 
sitioning, and protects the neurovascular structures. 



hood of a posterior calf compartment syndrome due to 
arthroscopic irrigation fluid extravasation. We have re- 
ported our results in 21 arthroscopically assisted com- 
bined PCL/posterolateral complex reconstructions, and 
20 arthroscopically assisted combined ACL/PCL re- 
constructions,^’^ and have performed a total of 107 PCL 
reconstructions using the transtibial tunnel technique. 
Spade-tip guidewires, tapered reamers, and the pos- 
teromedial safety incision were used in each case, and 
no neurovascular injuries or compartment syndromes 
occurred. 



Particular caution should be exercised in the case of 
previously PCL operated knees with posterior scarring 
due to the prior surgical procedures. In these cases it is 
possible to have aberrant positions of the neurovascu- 
lar structures. Inadvertent damage may occur during rou- 
tine PCL surgery due to the transposed neurovascular 
bundle (Fig. 12.4). Arthroscopic application of vascular 
clips and immediate vascular repair are required. 

The only salvage procedure of an intraoperative vas- 
cular injury is recognition of the injury and arterial re- 
pair by a vascular surgeon. The orthopedic surgeon 




ABC 

Figure 12.4. A: Posterior view of the capsule demonstrating a septum-like structure that is actually the popliteal artery trans- 
posed after prior PCL surgery. B: Lacerated popliteal artery from arthroscopic shaver. C: Arthroscopically applied vascular clamps 
applied to the popliteal artery before arterial repair. (Photographs courtesy of M.M. Malek, M.D.) 
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should always have a safety-first attitude with PCL 
surgery. 



PERSISTENT POSTERIOR SAG 

Persistent posterior sag following PCL surgery produces 
a suboptimal result of PCL reconstruction. Factors con- 
tributing to persistent posterior sag include failure to ad- 
dress posterolateral or posteromedial instability, early 
weight bearing in flexion, PCL substitute of insufficient 
mechanical strength, improper graft placement, im- 
proper graft tensioning, poor graft fixation, and early 
initiation of open chain hamstring strengthening during 
rehabilitation. 

Failure to recognize associated ligament injuries is 
possible the most common reason for poor results fol- 
lowing PCL surgery. We have shown that the isolated 
PCL tear is an uncommon injury, and that combined 
PCL/posterolateral and combined ACL/PCL instabili- 
ties are the most common injury patterns involving the 
PCL. The best way to determine if there are associ- 
ated ligament injuries in addition to the PCL injury is by 
taking a careful history and doing a physical examina- 
tion, with MRI studies in selected cases and examina- 
tion under anesthesia and diagnostic arthroscopy."^ The 
most predictable way to salvage this situation is with the 
correct preoperative diagnosis and appropriate treat- 
ment of all injured ligaments. 

The correct diagnosis of ligament injuries occurring 
in association with the PCL injury is critical, and plans 
must be developed to treat these associated injuries. 
While it is preferable to address these acute knee in- 
juries within a 3- to 6-week time period of the index 
injury, this may be impossible in severe multisystem- 
injured patients. We have reported excellent results with 
delayed surgery provided the knee is protected in the 
preoperative period. 

Technical considerations to prevent persistent poste- 
rior sag include the use of strong graft tissue, correct 
tunnel placement, correct graft tensioning, and secure 
graft fixation. Regardless of graft material chosen, in- 
correct tunnel placement will doom even the strongest 
graft material to failure. The most predictable PCL re- 
constructive procedures occur with reconstruction of the 
anterior lateral fiber bundle region of the PCL. The 
femoral tunnel should be positioned to reproduce the 
anterolateral band of the PCL (Fig. 12.5). This is distal 
and anterior to the PCL isometric point, and allows the 
graft to tighten in flexion. 

The ideal placement for the tibial tunnel is to have it 
emerge inferior to the apex of the tibial ridge in the lat- 
eral aspect of the PCL anatomic insertion site. This will 
allow the PCL substitute to turn a series of gentle 45- 




Figure 12.5. The femoral tunnel in posterior cruciate ligament 
reconstruction is optimally placed in the center of the stump 
of the anterolateral fiber bundle region of the native PCL. This 
provides the most successful and reproducible results. 



degree turns around the posterior proximal tibia with 
no acute 90-degree angle turns that may compromise 
graft integrity. 

Given proper tunnel placement, graft tensioning 
should be performed in 70 to 90 degrees of knee flex- 
ion. This allows for achievement of the tibial step-off 
without restricting range of motion into flexion. Ten- 
sioning of the PCL substitute in full extension causes ex- 
cessive graft tension, as the knee progresses into flex- 
ion with subsequent graft rupture or range of motion 
loss in flexion. 

Secure graft fixation is critical to the success of PCL 
reconstruction. Direct fixation of the graft material to 
bone with interference fixation, screw and spiked liga- 
ment washer, or a combination of fixation methods is 
preferable. Suture fixation of grafts to a post and washer 
assembly is a very successful method of fixation; how- 
ever, postoperative care must be modified by the secu- 
rity of the graft fixation. 

Inappropriate postoperative rehabilitation can ad- 
versely affect PCL reconstruction results and lead to a 
persistent posterior sag.^^“^"^ The PCL sees higher 
forces than the ACL does, so a slower postoperative 
course than with ACL postoperative rehabilitation is 
warranted. Recurrence of the posterior tibial sag will oc- 
cur with early weight bearing in flexion, or open chain 
hamstring activity, which will increase forces in the PCL. 
Postoperative immobilization should be in full extension 
for a period of 4 to 6 weeks. This allows for prelimi- 
nary biologic fixation of the graft material in the tunnels 
to occur. If early mobilization is utilized, the proximal 
tibia must be supported. 
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OSTEONECROSIS 

Avascular necrosis of the medial femoral condyle has 
been reported by Athanasian et al^^ as a complication 
of PCL reconstructive surgery. Patients present with me- 
dial knee pain and tenderness over the medial femoral 
condyle. Radiographic findings include a flattened ar- 
ticular surface of the medial femoral condyle and radi- 
olucency. The osteonecrosis is thought to occur from 
increased pressure in the bone causing vascular insuffi- 
ciency. Etiologic factors include drilling the femoral tun- 
nel too close to the articular surface, which may disturb 
the single nutrient vessel providing the intraosseus blood 
supply to the medial femoral condyle, and extensive 
soft tissue dissection over the medial femoral condyle 
during surgery, which may compromise the vascular 
supply to the medial femoral condyle. 

Prevention of this complication is accomplished with 
accurate femoral tunnel placement, leaving an adequate 
bone bridge between the femoral tunnel and the medial 
femoral condyle articular surface. Our preferred method 
for femoral tunnel creation is the outside-in method us- 
ing an ACL/PCL drill guide^’^’^’^^ (Fig. 12.6). The knee 
is flexed 90 degrees, and the guidewire is positioned ex- 
ternally with the help of the ACL/PCL drill guide at a 
point halfway between the medial femoral epicondyle 
and the articular surface of the medial femoral condyle 
at the level of the superior one-third of the patella with 
the knee in 90 degrees of flexion. The guidewire 
emerges through the center of the femoral insertion of 
the anterior lateral bundle of the PCL. These guidelines 
result in accurate and reproducible PCL femoral tunnel 
placement. Our series had no complications of osteo- 
necrosis.^’^ When an Achilles tendon allograft is used 
for PCL reconstruction, we prefer to contour the cal- 




Figure 12.6. ACL/PCL drill guide positioned for creation of 
femoral tunnel. 



caneal bone plug into the shape of a wedge, and to 
press fit this portion of the Achilles tendon allograft into 
the femoral tunnel. This technique bone grafts the 
femoral tunnel and provides secure fixation for the 
Achilles tendon allograft in PCL reconstruction. 

Salvage of this complication lies in early detection of 
the osteonecrosis. A high index of suspicion should be 
maintained in a postoperative patient with persistent 
medial femoral condylar pain. Clinical examination and 
imaging studies will confirm the diagnosis. Non-weight 
bearing and bone grafting of the tunnel defect may sal- 
vage the problem. 

MOTION LOSS 

Motion loss may occur after PCL reconstruction, and 
may present as loss of extension or loss of flexion. 
Loss of flexion appears to be more common after PCL 
reconstructive surgery that loss of extension, and may 
become a functional problem when knee flexion fails to 
exceed 110 degrees. Causes of knee flexion loss include 
suprapatellar pouch adhesions, improper femoral tun- 
nel placement, improper position of graft tensioning, 
and multiple concurrent ligament procedures. 

Suprapatellar pouch adhesions may occur following 
an arthrotomy, or after harvesting a bone-quadriceps 
tendon graft. Any surgery that induces scarring in 
the suprapatellar pouch area predisposes to flexion loss. 
Methods to minimize the incidence of this complication 
include the use of arthroscopically assisted procedures 
instead of an arthrotomy to minimize scarring. When a 
quadriceps tendon graft is harvested, care should be 
taken to preserve the integrity of the suprapatellar 
pouch. When loss of flexion occurs due to suprapatel- 
lar pouch adhesions, arthroscopic lysis of adhesions and 
gentle manipulation is a successful method of treat- 
ment.^’^ 

Femoral tunnel placement anterior and distal in the 
PCL stump to reproduce the anterolateral fiber region 
of the PCL is the desired position for the PCL substi- 
tute. This nonisometric positioning will cause the graft 
to shorten as the knee is brought into flexion. When the 
knee is in 70 degrees of flexion as the graft is tensioned, 
this tightening of the graft eliminates the posterior 
drawer and maintains the normal tibial step-off, while 
allowing near full range of motion into flexion. 
When the graft is tensioned in full extension, excessive 
tension occurs in the PCL substitute as flexion pro- 
gresses, resulting in flexion range of motion loss, or graft 
failure through tension overload. 

Medial collateral ligament repair combined with PCL 
reconstruction may be associated with loss of motion. 
The large surgical dissection required, combined with pli- 
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cation types of procedures, increases the risk of postop- 
erative motion loss. Direct anatomic repair is preferable 
to plication procedures in acute cases. When augmenta- 
tion grafts are used, they must reproduce anatomic struc- 
tures. This is preferred to capsular plication procedures, 
which may be nonanatomic and nonisometric. 

It should be noted that some loss of terminal flexion 
is to be expected with PCL reconstruction surgery. This 
is due to the nonisometric nature of PCL reconstruc- 
tions and their failure to reproduce the complex PCL 
fiber bundle regions. Our series demonstrated a mean 
10-degree terminal flexion range of motion loss.^’^ This 
has not proven to be a functional problem for these pa- 
tients. Rapid return of full flexion after PCL recon- 
structive surgery should be avoided as it may compro- 
mise the graft integrity and lead to persistent posterior 
sag. 

Graft rupture, or failure through elongation may be 
related to surgical technique, graft material, fixation, and 
postoperative activity level. 20 Artificial ligaments 
have been associated with failure due to abrasion of the 
graft around tunnel edges. Technical considerations that 
may reduce or eliminate this complication include 
smooth, well-chamfered tunnel edges and anatomic po- 
sitioning of the PCL reconstruction tunnels so that the 
graft material does not make any acute angle turns or 
experience severe tension overloads. 

The area that has the most acute bend for the graft 
is the proximal portion of the tibial tunnel in the transtib- 
ial reconstructive technique. The technique to avoid this 
problem is to have the guidewire exit inferior to the apex 
of the tibial ridge in the lateral aspect of the PCL 
anatomic insertion site. This allows the PCL substitute 
to make two 45-degree turns, instead of a 90-degree 
bend on the posterior aspect of the proximal tibia. This 
applies to autograft, allograft, and synthetic ligament 
PCL surgical reconstructive techniques. 

Another technique to avoid acute angle graft bend- 
ing at the proximal tibial tunnel edge is to position the 
bone plug tendon interface at the edge of the tunnel 
opening. This will allow the graft’s soft tissue portion 
to hinge on its own anatomic insertion into the bone 
plug, and not the tunnel edge. The tibial inlay technique 
of PCL reconstruction is performed with direct poste- 
rior exposure of the proximal tibia, and fixation of a 
bone-patellar tendon-bone graft in a posterior tibial 
trough. This eliminates acute graft bending around the 
corner of a tibial tunnel. 



ANTERIOR KNEE PAIN 

Anterior knee pain following PCL reconstruction may 
occur as a result of persistent posterior sag with resul- 
tant patella baja and increased patellofemoral forces. 



This increased patellofemoral force may cause patello- 
femoral degenerative joint disease in long-term follow- 
up.^ The solution for this problem is a technically sound 
PCL reconstruction with strong graft material to restore 
the anatomic tibial step-off and return patellofemoral 
forces to a more normal level. 

Other causes of anterior knee pain are prominent 
hardware, graft harvest site pain, and postoperative syn- 
ovitis. Painful hardware can be removed in the postop- 
erative period; however, low profile fixation devices may 
reduce the need for this second procedure. Anterior 
knee pain associated with the harvest of an autogenous 
bone-patellar tendon-bone graft may be reduced with 
the following technical considerations.^^ The harvested 
bone-tendon-bone (BTB) autograft should be no wider 
than one-third the width of the patellar tendon mea- 
sured at the tibial tubercle insertion. Harvesting the 
patellar bone plug should be done with an oscillating 
saw, not with osteotomes. This minimizes concussive ef- 
fects to the articular cartilage. The depth of the patella 
bone plug harvest should not exceed one-third the thick- 
ness of the patella at the median ridge, usually about 8 
mm. The superior one-third of the anterior cortex of 
the patella should be left intact. This will reduce stress 
riser effects to the patella. Bone grafting of the patella 
harvest defect may decrease the stress riser effect, but 
we have found no difference in the incidence of ante- 
rior knee pain with or without bone grafting of the 
patella donor defect. 

Tibial fracture has been reported as an intraopera- 
tive complication during PCL reconstruction. It can 
occur as a result of large-diameter tunnels in the femur 
and tibia, as well as the convergence of two tibial tun- 
nels in combined ACL/PCL reconstruction.^ During 
combined ACL/PCL reconstructions, the ACL and PCL 
tibial tunnels must diverge to prevent proximal tibial frac- 
ture. Tibial fracture has also been associated with ham- 
mering staples into the tibia for graft fixation. Our rec- 
ommendation is to use screws and spiked ligament 
washers or interference screws for graft fixation. If sta- 
ples are to be used, predrilling the holes may avoid tib- 
ial fractures associated with hammering. As mentioned 
earlier, femoral tunnels should be positioned to allow 
adequate bone stock between the femoral tunnel, and 
the medial femoral condyle articular surface. This will 
decrease the likelihood of subchondral bone collapse 
and/or osteonecrosis as outlined above. 



FANELLI SPORTS INJURY 
CLINIC EXPERIENCE 

We have performed 92 PCL reconstructions at our cen- 
ter from August 1990 through March 1998. These re- 
constructions have included ACL/PCL reconstructions. 
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PCL/posterolateral corner reconstructions, ACL/PCL/ 
posterolateral reconstructions, ACL/PCL/medial collat- 
eral ligament (MCL) reconstructions, and PCL/MCL re- 
constructions. Our complications include loss of flexion 
requiring arthroscopic lysis of adhesions and manipula- 
tion (five cases), removal of painful prominent hardware 
used for graft fixation (21 cases), and superficial suture 
abscess (one case). We have had no incidence of nerve 
injuries, vascular injuries, deep infections, fractures, os- 
teonecrosis, or skin slough complications. Our clinical 
results evaluated with Lysholm, Tegner, and Hospital for 
Special Surgery knee ligament rating scales and the KT- 
1000 arthrometer have been previously published. 

Analysis of our patients with loss of flexion requiring 
arthroscopic lysis of adhesions and manipulation is as 
follows. The first patient had ACL, PCL, MCL, pos- 
terolateral complex tears, and an acutely dislocated 
patella. Repair/reconstruction of all four ligaments and 
extensor mechanism repair were performed as an open 
procedure. Adhesions developed requiring arthroscopic 
adhesolysis and manipulation. 

The second patient had right knee ACL/PCL/MCL 
tears and an ipsilateral tibial shaft fracture. The tibial 
shaft fracture was treated with open reduction and in- 
ternal fixation using plate and screws. The MCL was 
treated in a brace for 6 weeks, and it healed with nor- 
mal valgus stability. Arthroscopic combined ACL/PCL 
reconstruction was then performed using double-loop 
semitendinosus/gracilis hamstring autograft, and bone- 
patellar tendon-bone autograft. The patient developed 
suprapatellar pouch adhesions postoperatively, requir- 
ing arthroscopic adhesolysis and manipulation. 

The third patient was a 20-year-old with a right 
PCL/posterolateral complex tear combined with a hip 
fracture and multiple fractures of the foot. The fractures 
were addressed with open reduction and internal fixa- 
tion, followed by arthroscopic PCL/posterolateral com- 
plex reconstruction with bone-patellar tendon-bone 
autograft and biceps tendon transfer. The patient de- 
veloped postoperative suprapatellar pouch adhesions 
that responded well to arthroscopic lysis of adhesions 
and manipulation. 

Patients four and five were females ages 15 and 22 
with PCL/posterolateral complex tears (one acute, one 
chronic) who underwent arthroscopic PCL/posterolat- 
eral reconstruction with Achilles tendon allograft and 
Clancy biceps tendon tenodesis in one case, and bone- 
patellar tendon-bone autograft and split biceps tendon 
transfer in the second case. Both patients developed 
suprapatellar pouch adhesions postoperatively, requir- 
ing arthroscopic lysis of adhesions and manipulation. 
Both patients returned to full unrestricted activity with 
stable knees. 

We were not able to develop any trends to predict 
which patients may develop motion loss postoperatively 



with the exception of arthrotomy versus arthroscopy. 
Arthrotomy seems more likely to have postoperative 
range of motion problems. Only five patients of 92 
(5.4%) developed motion loss requiring surgical inter- 
vention and manipulation, indicating a low rate of this 
complication. 

We attribute our low rate of complications in our se- 
ries of PCL reconstructions to our accurate preopera- 
tive evaluations, surgical technique, and postoperative 
rehabilitation. 

Procedure 

All but one patient in our series of 92 PCL reconstruc- 
tions underwent the reconstruction as an arthroscopi- 
cally assisted procedure. In the acute cases the recon- 
struction was performed approximately 3 to 6 weeks 
postinjury to allow for restoration of motion and for 
other injuries to stabilize. In the chronic case the surgery 
was performed from 6 months to 16 years postinjury. 
Our surgical technique has been described else- 
where.^’^’^ We describe here specific technical aspects 
of arthroscopically assisted PCL/posterior lateral corner 
reconstruction. 

When allograft tissue is selected, it is prepared prior 
to bringing the patient into the operating room. When 
autograft tissue is used, it is harvested and prepared at 
the beginning of the surgical procedure. The arthro- 
scopic instruments are then inserted into the knee 
through the standard portals, and gravity inflow is used. 

An extracapsular posterior medial safety incision is 
made that allows the surgeon’s gloved finger to be po- 
sitioned between the posterior capsule and the neu- 
rovascular structures. This allows the surgeon to feel 
through the capsule all instruments working in the back 
of the knee joint. The PCL stumps are debrided, and 
the posterior capsule is elevated from the posterior tib- 
ial ridge with the special PCL curved instruments. 

The PCL tibial and femoral tunnels are then drilled 
with the help of an ACL/PCL drill guide, and the PCL 
graft is positioned. The PCL graft is anchored on the 
femoral side first, and left free on the tibial side. The 
posterolateral reconstruction is then performed. We 
used the biceps femoris tendon tenodesis described by 
Clancy^ in our reported series.^ 

The posterolateral reconstruction is tensioned with the 
knee in 30 degrees of flexion. With the knee in 70 de- 
grees of flexion, an anterior drawer force is applied to 
the proximal tibia to restore the normal tibial step-off, 
and the PCL graft is then secured on the tibial side. 
Restoration of the normal tibial step-off at 70 degrees of 
flexion has provided the most reproducible method of es- 
tablishing the appropriate tibia-femoral relationship in our 
experience. Wound closure is performed in the standard 
fashion, and the knee is immobilized in full extension. 
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The knee is kept in full extension for 5 to 6 weeks, 
with progressive weight bearing using crutches. Pro- 
gressive range of motion occurs after week 6. The brace 
is unlocked at the end of 6 weeks, and the crutches are 
discontinued. Progressive closed kinetic chain strength 
training and continued motion exercises are performed. 
The brace is discontinued after the 10th postoperative 
week. Return to sports and heavy labor occurs after the 
ninth postoperative month, when sufficient strength and 
range of motion have returned. 

CONCLUSION 

Posterior cruciate ligament reconstruction is technically 
demanding surgery. Complications encountered with 
this surgical procedure include failure to recognize as- 
sociated ligament injuries, neurovascular complications, 
persistent posterior sag, osteonecrosis, knee motion 
loss, anterior knee pain, and fractures. A comprehen- 
sive preoperative evaluation, including an accurate di- 
agnosis, a well-planned and carefully executed surgical 
procedure, and a supervised postoperative rehabilitation 
program will help to reduce the incidence of these com- 
plications. 
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R estoration of the physiologic joint after an injury 
is the perceived goal of any applied treatment. 
The physiologic joint consists of the long bones, 
the articular cartilage, the menisci, the cruciates, the ex- 
traarticular ligaments, the musculotendinous units, the 
peripheral nerves, and the soft tissues of both intra- 
articular and extraarticular areas. All of these structures 
contribute to the normal health and function of the phys- 
iologic joint. Our goal in treatment, as Iver Palmer^ in- 
dicated, is restoration of the physiologic joint. 

There is much apparent confusion regarding treat- 
ment of the extraarticular components, but we believe 
the confusion is actually a difference in applied logic 
rather than a right versus wrong approach. The classic 
logic approach suggests that a four-bar link system de- 
fines the anterior-posterior translation limits of the joint, 
while the Burmester curve defines the instant center of 
motion of the periphery of the joint in flexion and ex- 
tension in coordination with the four-bar link system 
(Fig. 13.1).^ Also, this logic suggests that a single clin- 
ical test can define a single-ligament injury, and repair 
of that single ligament can restore the normal kinemat- 
ics and normal function. 

The quantum logic approach suggests that the four- 
bar link system is a principle used to define the anterior 
translation relationships, but the anterior-posterior cru- 
ciates have elastic limits, and therefore the four-bar link 
system is a philosophy. The Burmester curve also has 
elastic limits and functions in harmony with the four-bar 
link system of the cruciates to position the femur and 
tibia. ^ But the menisci, the joint surfaces, and the mus- 
culotendinous units fine-tune the joint apposition to re- 
fine the instant center of rotation. At the extremes of 
tibial rotation, ligaments are tensed and experience load 



sharing with each other to achieve stability of the joint. 
These functional parameters are guided and further sta- 
bilized and stress protected by the musculotendinous 
units. Also, the meniscus position is maintained dy- 
namically by hamstrings and the popliteus to increase 
the tibiofemoral contact area in order to decrease joint 
stress. All of these factors contribute their individual 
components to form a very highly developed and com- 
plex machine that allows the individual to function at 
high levels of lower-extremity agility during activity. 

Abnormal states, such as those produced by injury, 
disrupt the machine’s kinematics in a variable way. If 
the ligaments have been injured and loosened, when the 
patient tries to do a complex activity requiring lower ex- 
tremity agility the abnormal kinematics will allow joint 
motion that is too excessive for musculotendinous re- 
covery or stability. The menisci and the joint are not in 
optimal apposition. Thus, the menisci can tear, joint 
stress may be increased, and, as a consequence of shear 
force to the joint, a plowing effect can occur, which can 
injure articular cartilage. Nonequal load sharing of 
the ligaments that have been previously uninjured jeop- 
ardizes their ability to sustain the new loads, thus caus- 
ing them either to be injured or to stretch, creating a 
more complex instability pattern and causing poor func- 
tion as well as joint wear.^^T6 

In some cases, the terminology “too loose” can also 
apply to the extensor mechanism as a result of an acute 
knee injury that disrupts the stabilizing ligaments of the 
extensor mechanism. This can result in dynamic insta- 
bility of the extensor mechanism as well as tibiofemoral 
instability.^^ 

The loss of menisci in the presence of physiologic 
abnormal joint looseness can certainly result in adaptive 
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Figure 13.1. The Burmester curve (solid line), which is 
roughly a figure-of-eight curve consisting of two third-order 
curves: the “vertex cubic” (the tibia) and the “pivot cubic” (the 
femur). A ligament’s origin that is on the pivot cubic will be 
isometric if it passes through the instant center of knee rota- 
tion and inserts on a corresponding point on the vertex cu- 
bic. The double line represents the crossed four-bar linkage 
system. The cruciate ligaments form the crossed bars that in- 
tersect at the instant center of knee rotation. The crossed bars 
represent the neutral fibers of each of the cruciates. 

bone changes as the knee attempts to stabilize itself. 
This is presumably the cause of Fairbank’s^^ radio- 
graphic changes. 

The opposite circumstance can occur in which the 
joint is too tight after treatment. The overconstraining 
ligament may create a kinematic ankylosis situation. This 
produces abnormal kinematics with nonequal loads on 
the ligaments as a consequence of the overconstraint of 
the repaired ligaments. This abnormal effect can lead 
to the joint developing a kinematic ankylosis via the ab- 
normal restraint of the repaired ligaments. This in- 
creases the joint stress, decreases function, and can ag- 
gravate the tendency to develop arthritis. Function is 
decreased as a consequence of all of these factors. This 
decrease can also occur as a consequence of overcon- 
straint of the capsular ligaments or as the result of an 
arthrofibrosis, with the extensor mechanism being teth- 
ered inappropriately due to abnormal anterior cruciate 
ligament positioning. Arthritic changes can occur as a 
consequence of the increased joint compression loads. 
Articular cartilage withstands normal compressive loads 
quite well, but excessive loads are not tolerated any bet- 
ter than the shear forces that can occur as a conse- 
quence of a joint that is too loose. 

It is important to understand the mechanism of in- 



jury and its effect on our ability to diagnose the anatomic 
injury. Since the joint is positioned in different degrees 
of flexion and extension, abduction and adduction, and 
compression and distraction at the time of load appli- 
cation to produce an injury, and since the forces that 
are applied to the individual are complex, a variable lig- 
ament injury can occur to the same joint with a similar- 
appearing mechanism of injury. 

The confirmation of anatomic injury by the motion 
limit testing is predictive of the anatomic injury that 
surgery might correct. It is important to realize that clin- 
ically, multiple ligaments share the load when complex 
forces are applied. After an injury produced by a single 
force, a different ligament will take up the load once 
displacement of the knee occurs, which can cause in- 
jury to more than one ligament. This then necessitates 
the development of a clinical diagnostic system to pro- 
vide predictive information concerning the anatomic in- 
jury based on a clinical examination test sequence. Thus, 
an appropriate clinical diagnosis by classification of the 
injury is imperative and is the first step in avoiding the 
most serious complication in the treatment of these com- 
plex problems, which is an oversimplified misdiagnosis. 

It is also very important to realize that, with any lig- 
ament injury, there is a significant probability that mus- 
culotendinous injury has also occurred, as in the case of 
a severe anteromedial or posterolateral instability. 

Treating only one component of a complex problem 
does not provide good long-term results. This is demon- 
strated by the poor long-term results of the Slocum^ ^ 
pes transfer for the treatment of medial ligament insta- 
bility, where the dynamic transfer of the pes tendons 
was inadequate without the retensioning of medial liga- 
ments, a deficiency that was corrected in Slocum and 
Larson’s^^ later writings. Also, the tethering of rerouted 
musculotendinous units in combination with the abnor- 
mal tensioning of the ligaments produced a kinematic 
condition that was doomed to failure in the long term 
as evidenced by the poor results in Nicholas’s^^ 5-in-l 
medial ligament reconstruction. 

Thus, to successfully repair or reconstruct an unsta- 
ble knee, the procedure of choice must restore the ap- 
propriate tension in the anatomic structures injured and 
restore appropriate joint kinematics, both passively and 
actively. This is accomplished by restoring the ligament 
tension to the injury state of load sharing and the mus- 
culotendinous units to their normal functional position 
and tension. This philosophy is certainly not new, as 
both Palmer^ and Hughston^^ have recommended an- 
atomic restoration of these complex injuries. 

Avoiding complications was emphasized by Hip- 
pocrates, who said that the physician should first do no 
harm. Hughston^^ also emphasized avoidance of com- 
plications when he stated that there was no knee injury 
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that could not be made worse by inappropriate surgical 
treatment. 

HISTORY 

Surgeons today stand taller than our predecessors be- 
cause we stand on our mentors’ shoulders. 

Hey-Groves^^ initially reconstructed the anterior cru- 
ciate with a strip of iliotibial tract. Smith^^ modified the 
procedure by adding a capsular ligament reinforcement 
as well, which improved the results. This adaptation was 
later adopted by Hey-Groves because of its potential to 
improve his outcomes as well. This combined procedure 
marks the initial philosophic view that restoration of all 
the injured structures is appropriate in a complex knee 
injury. 

The extraarticular repairs can be divided into medial, 
anterolateral, and posterolateral categories. The con- 
tributors to our understanding of medial injuries include 
Bosworth,^^ Milch, Campbell, Mauk,^^ Slocum^^ 
(pes transfer), Hughston and Eilus^^ (posterior oblique 
and semimembranosus), Slocum and Larson^^ (pes and 
capsular reefing), and Nicholas (5-in-l).^^ Ian Smillie^^ 
also contributed to our understanding of the treatment 
of the torn meniscus and the effects of meniscectomy, 
as did Hughston^^ (simple meniscectomy). 

Lateral extraarticular treatment was discussed by 
Bruiser,^^ and the treatment of chronic anterolateral in- 
stability was presented by Macintosh and Darby,^^ 
Kennedy et al,^^’^^ Ellison,^^ Lemaire^^ (iliotibial tract ten- 
odesis), Muller^ (screw tenodesis), Losee et al^^ (deepest il- 
iotibial tract repair), DeHaven"^^ (screw tenodesis), Dra- 
ganich et al"^^’^^ (screw tenodesis), Andrews and Sanders^ 
(iliotibial tract tenodesis and suture), and a consensus group. 

The evolution of treatment for posterolateral insta- 
bility can be traced to Mayer"^^ (strip of iliotibial tract 
and biceps in the paralytic knee), Muller^ (iliotibial tract 
substitution for the popliteus), Bousquet et al"^^ (popliteal 
recession), Casey (personal communication; Bondi Junc- 
tion, Australia) (bone-tendon-bone substitution for the 
fibular collateral), Hughston and Jacobson (arcuate 
complex advancement), Clancy et al^^ (biceps tenode- 
sis), Jakob et al^’"^^ (strip of biceps tendon to substitute 
for the fibular collateral, as well as the popliteus ten- 
don), and Kentsch (personal communication; Stuttgart, 
Germany) (fibular head osteotomy with advancement). 
Understanding of anatomy, acute repairs, and delayed 
primary repairs can lead to good outcomes. 

TREATMENT COMPLICATIONS 

The success of any treatment for chronic instability must 
address the anatomic injuries that have occurred, both 



as a consequence of the injury and the reinjury effects 
from chronic instability. The treatment must allow ade- 
quate rehabilitation and restore the four-bar link system, 
the Burmester curve, the meniscus function, and the 
musculotendinous units. Failure to address any of these 
issues can result in harm to the patient by causing fail- 
ure of functional restoration. 

The largest group of failures in extraarticular surgery 
can be categorized as technical and may be separated 
into two groups. In the first group, the treatment was 
inadequate to restore the normal tension in the liga- 
ments. As a result, the reconstruction is too loose, which 
leads to poor kinematics, which in turn contributes to 
poor function. In the second group, the kinematics are 
altered because the ligament reconstruction is too tight. 
This kinematic ankylosis may create a stable knee, but 
does not allow normal range of motion. Because of the 
increased stress on the joint caused by tight knee re- 
construction, arthritis may develop over time. 

Failure to restore the musculotendinous unit can be 
associated with a surgical procedure that may provide 
initial ligament stability but, over time, will stretch out 
because of the lack of musculotendinous support, par- 
ticularly of the posterior third capsular ligament-semi- 
membranosus complex on the medial side. On the lat- 
eral side, the posterolateral complex stability provided 
by the biceps will be lost over time if this important dy- 
namic stabilizer is not retensioned at the time of surgi- 
cal reconstruction of the ligaments for posterolateral in- 
stability. 

In addition to inappropriate capsular ligament ten- 
sion, which creates a kinematic ankylosis, frank anky- 
losis of the knee can occur. Fat pad and synovial fold 
fibrosis with retinacular adhesions can be caused by the 
surgical procedure and by sutures in the repaired liga- 
ments that are not placed on the Burmester curve. 

Attention must be paid at all times to avoid injury to 
the fat pad, which can lead to fibrosis. Fibrosis may, in 
turn, create patella baja or inf era, which can result in 
profound dysfunction of the knee. 

An ill-placed scar from medial ligament repair can 
also create a deeper scar in the synovial fold, which can 
irritate the edge of the medial femoral condyle with flex- 
ion and extension. Over time, it can cause a chronically 
painful knee. All attempts should be made to keep the 
surgical scars from crossing movable joint edges to pre- 
vent this phenomenon from occurring. The “tent-pole” 
effect of a capsular incision adjacent to the patella can 
keep the synovial scar from abrading the edge of the 
medial femoral condyle. Similarly, posteromedial arthro- 
tomy access is safe because it is on the flat of the joint 
and not over a bone edge. 

The use of heavy, large suture and metal fixation de- 
vices can create a suture granuloma or metal bursitis. 
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necessitating removal of the offending material. These 
strong, high-stress-producing materials can also pro- 
duce tissue necrosis of the very tissue that the surgeon 
is attempting to repair. Tissue necrosis can result in loos- 
ening, and thus failure, of the repair. 

Painful neuromas can occur as a consequence of poor 
surgical technique, and all efforts should be made to re- 
duce the chance of this complication. Small sensory 
nerve division by itself does not usually cause functional 
difficulty if the nerve is divided sharply as close to its 
termination as possible. Attention to surgical detail is 
critical to avoid painful neuroma formation, which can 
create a functionally limiting condition. 

Infection is always a risk in any reconstructive surgi- 
cal procedure. Attention to technical detail, asepsis, and 
postoperative wound management, and the use of pro- 
phylactic antibiotics minimize this risk. 

A coordinated team approach to these complex sur- 
gical problems is important in achieving a successful out- 
come. It is better to prevent complications than to have 
to deal with them. 

AUTHORS’ PREFERRED TREATMENT 
Medial Ligaments 

A curved incision is placed on the medial side of the 
knee, with the proximal portion of the incision parallel 
to the medial intermuscular septum of the femur, turn- 
ing distally parallel to the tibia between the anterior tib- 
ial tuberosity and the midlateral line parallel to the lon- 
gitudinal axis of the tibia that bisects the medial femoral 
epicondyle. This incision is deepened through the sub- 
cutaneous tissue to the fascia layer. Once the fascia layer 
is encountered, a subcutaneous flap is developed pos- 
teriorly, which should lift the branches of the infrap- 
atellar saphenous nerve off the fascia layer with the sub- 
cutaneous layer, leaving only the fascial investments. 
The posterior extent of this incision is just posterior to 
the adductor tubercle, which avoids injury to the main 
saphenous nerve. There is a 30% to 40% chance of an 
area of anesthesia over the anterior aspect of the knee, 
which frequently cannot be avoided with incisions for 
the medial ligament repair because of the numerous 
small infrapatellar branches of the saphenous nerve. The 
sartorius fascia is then identified, and the medial epi- 
condyle and adductor tubercle are palpated with the 
knee in 60 degrees of flexion and the hip externally ro- 
tated and slightly abducted. 

A longitudinal incision is made parallel to the longi- 
tudinal axis of the tibia, from the proximal extent in the 
interval between the adductor tubercle and the epi- 
condyle. This incision separates the sartorius layer from 
the underlying capsule and tibial collateral ligament. An 
incision posterior to the tibial collateral ligament that 



splits the mid-third capsular ligament and posterior 
oblique ligament is made in this posteromedial interval. 
The tibial collateral ligament, the mid-third capsular lig- 
ament, and the three portions of the posterior oblique 
ligament can all be inspected in this fashion, and the 
fascial investments of the semimembranosus can be in- 
vestigated (Fig. 13.2). Surgical repair can follow if the 
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Figure 13.2. A: Normal anatomy of medial ligamentous 
structures: the tibial collateral and posterior oblique ligaments, 
and the semimembranosus tendon and its attachments. 
B: Tear of the femoral attachments of the tibial collateral lig- 
ament, the posterior oblique ligament, and the capsular arm 
of the semimembranosus tendon. 
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injury is acute, or surgical reconstruction can be ac- 
complished if the injury is chronic. 

The interior of the joint can be inspected arthro- 
scopically before or after this portion of the procedure. 
Using arthroscopy after the surgical exposure facilitates 
identification of the tissue planes in a more thorough 
way and allows easier assessment of a chronic injury. 
However, fluid extravasation is a problem. 

A guiding principle for any reconstructive procedure 
to this portion of the joint is that the suture lines need 
to follow the Burmester curve. If they are well off the 
curve, they will be under too much strain with flexion 
and extension of the knee and will fail. 

The proper technique is to create a stable post of the 
tibial collateral and mid-third capsular ligaments. This is 
accomplished by direct suture repair with advancement 
of the mid-third capsular and tibial collateral ligaments 
proximally to the epicondylar area of the femur. The 
tibial attachment of the tibial collateral ligament is also 
checked, and, if torn or loose, is repaired. The tibial at- 
tachment of the mid-third capsular ligament can be eval- 
uated and repaired under the tibial collateral ligament. 
Once a stable post of the tibial collateral and mid-third 
capsular ligaments is created, the posterior oblique lig- 
ament is then advanced, moving the femoral attachment 
anteriorly and proximally. The tibial attachment of the 
posterior oblique ligament is advanced distally and an- 
teriorly, thus tensioning both ends of the posterior 
oblique ligament (Fig. 13.3). 

The central portion of the posterior oblique ligament 
is then advanced in a “bowstring” fashion over the top 




Figure 13.3. A stable post is created by advancing and re- 
pairing the tibial collateral and underlying mid-third capsular 
ligaments to the epicondylar area of the femur. The posterior 
oblique ligament is then advanced to this stable post. 



of the tibial collateral ligament, further tightening the 
midportion of the posterior oblique ligament. The prox- 
imal posterior oblique ligament advancement needs to 
incorporate the capsular arm of the posterior oblique 
ligament in the repair to make sure that this portion is 
retensioned. 

The final portion of the medial ligament reconstruc- 
tion is the dynamic reconstruction. Sutures are placed 
in the capsular arm and the oblique popliteal portion of 
the semimembranosus tendon, which allows tightening 
of the posterior capsule behind the medial femoral 
condyle (Fig. 13.4). This is a very important portion of 
the procedure because this area has a significant risk of 
injury. Because the semimembranosus keeps the pos- 
terior oblique ligament tensioned in flexion, any marked 
looseness of the semimembranosus must be corrected. 
At the completion of this portion of the procedure, the 
sartorius fascia is repaired, followed by the subcutaneous 
tissue and the skin. 

A protective brace is used for approximately 4 weeks, 
with the knee in approximately 60 degrees of flexion. 
The motion limits of the brace can be modified to pro- 
tect the knee ligaments from strain, but to allow the mo- 
tion gained in therapy for that week. 

Extraarticular Approach for Anterior 
Lateral Instability 

A curved incision is placed on the lateral side of the 
knee, with the proximal portion of the incision parallel 
to the lateral intermuscular septum and the distal por- 
tion curving distally between Gerdy’s tubercle and the 
fibular head. A subcutaneous flap is developed anteri- 




Figure 13.4. The capsular arm of the semimembranosus ten- 
don and the oblique popliteal ligament are advanced to the 
posterior oblique ligament. 
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orly and posteriorly so that the area of the biceps mus- 
cle can be identified, as well as the distal, middle, and 
proximal portions of the iliotibial tract. 

In the case of an acute injury, edema in the iliotibial 
tract can guide the surgeon to the area of injury. De- 
pending on the site of injury, one, two, or three split- 
ting incisions may be used."^^ These include (1) splitting 
the iliotibial tract in line with its fibers, (2) incising be- 
low and parallel to the lateral intermuscular septum 
through the fascia of the short head of the biceps mus- 
cle, and (3) developing an interval between the peroneal 
nerve and the posterior edge of the biceps tendon (which 
provides access to the long tendon of the biceps and al- 
lows for protection of the peroneal nerve). 

In most cases, the iliotibial tract splitting incision is 
used. As the incision is carried proximally, one can de- 
termine the site of injury to the iliotibial tract. Fifty per- 
cent of iliotibial tract injuries will occur in the deep layer, 
which is found in the area of the lateral intermuscular 
septum. Twenty-five percent of these injuries are in the 
midportion of the iliotibial tract at the biceps capsulo- 
osseous confluence. The remaining 25% are distal at 
the tibial attachment of the capsulo-osseous iliotibial 
tract, either with or without a bone fragment (Segond 
fracture). Also, the capsular arm of the biceps is com- 
monly injured, as is the capsulo-osseous confluence, and 
these injured structures must be inspected and repaired. 

A capsular splitting incision can be used. With the 
knee in approximately 60 degrees of flexion, an inci- 
sion is made parallel to the longitudinal axis of the tibia 
in the midlateral plane. The starting point of this inci- 
sion is in line with the anterior margin of the fibular 
head. The incision then crosses the lateral capsule be- 
tween the retracted halves of the iliotibial tract. Care 
must be taken at the proximal portion of this incision 
not to cut the popliteus tendon, which crosses the lat- 
eral capsule in this region. Also, because the incision 
crosses the edge of the lateral meniscus, the lateral 
geniculate artery must be protected from injury. If it is 
cut, suture ligatures must be placed through the artery 
to avoid formation of a hematoma postoperatively. 

Through this combined exposure of the splitting in- 
cision of the iliotibial tract and the capsular incision, the 
entire joint can be inspected, along with the different 
components of the mid-third capsular ligament, iliotib- 
ial tract, and biceps complex, which are commonly in- 
jured in anterolateral instability. Direct repair can be 
accomplished through imbrication of the capsule. Pe- 
ripheral meniscal repair, iliotibial tract reconstruction, 
and biceps tendon repair and reconstruction can all be 
accomplished through these incisions. 

If a chronic injury to the iliotibial tract cannot be iden- 
tified, then an imbrication of the capsulo-osseous ili- 
otibial tract under the lateral intermuscular septum 
should be accomplished. This ensures that the iliotibial 



tract has a more medial attachment under the septum, 
as well as sagittal tensioning under the lateral inter- 
muscular septum. The procedure is done with the knee 
in acute flexion, and, as the sutures are tied, the iliotibial 
tract is compressed into the area of the lateral inter- 
muscular septum to ensure that it can be tensioned as 
tightly as practical. Once this is accomplished, the split- 
ting incision of the iliotibial tract is repaired, taking care 
not to capture the deeper layer with the repair of the 
iliotibial tract. The two are not normally connected and 
connecting them could create an ankylosis. Finally, the 
subcutaneous tissue and skin are repaired, and the pa- 
tient is placed in a flexed knee brace in approximately 
60 degrees of flexion for about 4 weeks. After that time, 
the joint can gradually be mobilized in physical therapy. 
The motion limits are adjusted to protect the ligament 
repair while accommodating the motion obtained each 
week in therapy. 

Posterolateral Repair and Reconstruction 

The patient’s knee is placed in 60 degrees of flexion. 
The same curved incision that is used for anterolateral 
repair can be used for posterolateral repair. Anyone of 
the same three fascial incisions may be used to identify 
the pathology and to provide access for the repair. 
The peroneal nerve must be freed to allow access to the 
various components of the posterolateral complex and 
to protect the peroneal nerve from injury. 

The best results are obtained with an acute repair, 
and anatomic principles are very important in obtaining 
good results. Thus, the various layers need to be re- 
paired in a meticulous way. A single-layer repair is not 
as good as a repair that establishes continuity of each 
respective layer of the posterolateral complex and the 
biceps complex. 

Again, edema guides the surgeon in selecting the ap- 
propriate fascial-splitting incision for repair in the acute 
injury. Therefore, all three fascial incisions may not be 
necessary in the acute injury. In the chronic injury, one 
must be prepared to use all three fascial incisions to iden- 
tify the area of pathology. It is also important to realize 
that the lateral, the fibular, and the posterior portions 
of the posterolateral complex and biceps complex are 
commonly injured simultaneously. Therefore, recon- 
structive procedures need to be directed toward restora- 
tion of stability in all three areas for a chronic injury. 

The issue of which reconstruction should be used de- 
pends on the site of pathology. If it can be identified as 
proximal, the authors’ preferred technique is Hughston 
and Jacobson’s^^ arcuate complex advancement (Fig. 
13.5). The bone block that is harvested carries with it 
the femoral attachment of the arcuate complex, which 
includes the fibular collateral ligament, the popliteus ten- 
don, the lateral ligament biceps expansion, and a por- 
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Figure 13.5. An incision is made around the arcuate com- 
plex. (Redrawn from Hughston, JC, Jacobson, KE. Chronic 
posterolateral rotary instability of the knee. Journal of Bone 
and Joint Surgery 1982;67A:351 -359. With permission. 

tion of the tendon of the lateral gastrocnemius (Fig. 
13.6). The posterior incision for this bone block ad- 
vancement, if continued distally, would split the medial 
and lateral limbs of the arcuate arch. As such, it is very 
effective in the repair of a proximal injury because as 
the bone block is advanced to its site of placement on 
the femur, the sutures are placed in the posterior por- 
tion to imbricate the medial arcuate limb and posterior 
capsule and the soft tissue attached to the lateral com- 
plex and lateral arcuate limb. This procedure retensions 
the posterior portion of the capsule as well as the fibu- 
lar components of the capsule. 

Another technical hint for providing good results is 
that as the bone block is advanced parallel to the fibu- 




Figure 13.6. A bone block with femoral attachments of the 
arcuate complex is harvested from the lateral epicondylar 
area. 




Figure 13.7. The bone block is advanced parallel to the fibu- 
lar collateral ligament (anteriorly and distally with the knee in 
60 degrees of flexion) and is rotated in a clockwise direction 
for a right knee and a counterclockwise direction for a left 
knee. Before seating the bone block, the posterior capsule is 
imbricated with sutures. 

lar collateral ligament (which is distally and anteriorly 
with the knee in 60 degrees of flexion), it is rotated in 
a clockwise fashion for a right knee and in a counter- 
clockwise fashion for a left knee. The rotation of the 
bone block then allows for the fibular collateral to be in 
the same orientation as before the advancement and al- 
lows for retensioning of the lateral ligaments (Fig. 13.7). 

The bone block is then seated with a Puddu staple 
(Fig. 13.8). The sutures, which have been placed before 




Figure 13.8. The bone block is seated with a Puddu staple. 
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the bone block advancement for the purposes of imbri- 
cation, are then tied. The midlateral incision is also re- 
paired with an imbrication technique that further tight- 
ens the lateral soft tissues. The biceps complex is 
specifically assessed to make sure that its tension is re- 
stored. It may be necessary to repair the capsular arm 
of the biceps muscle and the capsulo-osseous biceps 
confluence or the fibular attachments. Closure of the 
fascial incisions is accomplished; the nerve is left free 
without repair of the fascial incision overlying the nerve. 
The subcutaneous tissue skin is repaired, and a long-leg 
brace with a pelvic band to prevent femoral external ro- 
tation is applied. The brace is kept in place for ap- 
proximately 6 weeks, even though knee motion can be 
allowed by 4 weeks. Protection against femoral exter- 
nal rotation is continued for at least 6 to 8 weeks to al- 
low connective tissue to mature, so it will not stretch 
out in the recovery phase. Once the knee has enough 
extension that the patient need not put the knee in a 
figure-four position while recumbent, the pelvic band 
can be discontinued. 

If the injury to the posterolateral complex is distal, 
then a distal advancement is accomplished, either by 
acute repair or by delayed primary advancement in the 
chronic condition. Delayed primary repair requires an 
intimate understanding of the anatomic structures that 
are normally present and how the ligamentous and dy- 
namic structures interact. After the reconstruction, post- 
operative protection is continued in a similar fashion to 
that described previously. 

In the case of a tissue-depleted individual who has 
had previous surgery, an imbrication procedure for the 
posterior complex can be used, and restoration of the 
biceps tendon is required for success. The fibular col- 
lateral ligament can be repaired with a bone-patellar 
tendon-graft, with care being taken to reestablish the 
biceps’ relationship to the fibular collateral at the com- 
pletion of the repair. 

The popliteus tendon can be restored with a long 
strip of the biceps tendon that is routed medial to the 
fibular styloid and then through the soft tissues along 
the course of the normal popliteus. It enters a drill hole 
at the normal site of attachment of the popliteus on the 
femur and is fixed to the area of the lateral intermus- 
cular septum through a suture-over-post arrangement. 
This technique provides an isometric repair of the popli- 
teus tendon and, if the tissue is harvested carefully, the 
biceps complex will not be harmed. Postoperative pro- 
tection is accomplished in a similar fashion as previously 
described. 

Avoidance of hematomas postoperatively is very im- 
portant in every repair and reconstruction, both an- 
terolateral and posterolateral. If a tourniquet is used, one 
should release the tourniquet before the ligament im- 



brication or before the sutures are tied. One obtains he- 
mostasis with either Bovie cautery or with suture liga- 
tures and then completes the reconstruction without the 
use of a tourniquet to avoid a postoperative hematoma. 
Also, the use of a secure compressive dressing will pre- 
vent swelling of the skin flaps and eliminate the need 
for postoperative drains. 
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Complications and Pitfalls in Anterior 
Cruciate Ligament Revision Reconstruction 



Deryk G. Jones, Mark Galland, and Freddie H. Fu 



T here has been a clear increase in the number of 
anterior cruciate ligament (ACL) reconstructions 
performed over the last 15 years. Indications for 
reconstruction of ACL-deficient knee have broadened, 
increasing the number of operative cases per year. Fur- 
ther, there are more surgeons performing this proce- 
dure who are adequately trained in current arthroscopic 
techniques. Both factors have accounted for the overall 
increase. With this increase in total number of cases, 
there has also been an increase in the number of suc- 
cessful reconstructions. However, as with any proce- 
dure, unsatisfactory outcomes can occur. There are nu- 
merous causes for these failures. Certainly, the patient 
with untreated and/or unrecognized chondral or osteo- 
chondral damage, meniscal injury, associated ligamen- 
tous laxity, or other intraarticular pathology can have 
continued pain postoperatively as well. 

O’Donoghue et al’s^ classic article was often quoted 
and formed the basis for a large volume of basic science 
and clinical practices in the 1970s and 1980s.^~^ Or- 
thopedists justified their reconstructive procedures based 
on their antiarthritic benefits. Dale Daniel et al’s^ arti- 
cle on a large group of postoperative reconstructed pa- 
tients demonstrating significant rates of osteoarthritis 
placed a great deal of literature and clinical practices 
into question. More recently, there are an increasing 
number of studies both at the basic science and clinical 
level supporting reconstruction of the ACL in patients 
at high risk for or suffering from recurrent instability.^’^ 
There is clearly a relationship between chondral defects 
and meniscal pathology and recurrent episodes of in- 
stability. The degree of associated damage to these struc- 
tures should have a significant impact on the overall out- 
come following stabilization procedures. This chapter 
outlines the causes of failure in ACL reconstructive sur- 



gery and details how these factors influence preopera- 
tive planning, intraoperative surgical decisions, and tech- 
nical factors, as well as postoperative rehabilitation in 
revision ACL surgery. 

ETIOLOGY OF GRAFT FAILURE 

Categorizing the cause of an unsuccessful outcome is 
an important step in treating this patient population. 
Previous articles have divided the primary etiology for 
failure into three categories: graft failure, technical er- 
rors), and traumatic events. An article by Johnson 
and Coen^^ described four main categories for ACL 
surgery to fail: 

1. traumatic arthritis 

2. arthrofibrosis 

3. extensor mechanism dysfunction 

4. recurrent patholaxity. 

Surgical Technique 

Surgical technique is a common source of graft failure 
and usually involves incorrect tunnel position or poor 
fixation. The surgeon should be aware of several 
key tenets in ACL reconstruction to avoid these errors. 
Tunnels should reproduce the “normal” attachment site 
of the ACL. Poorly positioned femoral or tibial tunnels 
result in excessive length changes of the graft as the 
knee is brought through a physiologic range of motion 
(ROM). Clinically, this is manifest as either restricted 
ROM or as increased laxity of the joint. Tunnel place- 
ment that minimizes graft elongation during motion is 
desirable. 
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Previously, emphasis was placed on restoring the 
“isometry” of the native ligament during ACL recon- 
struction. Woo et aP^ have shown that load distribution 
between the separate anatomic regions of the ACL 
changes with knee motion. As the best location for a 
graft may change according to the position of the joint 
and the type of external loading, the concept of iso- 
metry should give way to a more functional definition 
of placement.^^’^^ 

Many authors have studied the importance of femoral 
tunnel position. It has been well established that the 
femoral attachment site is the most important determi- 
nant of graft length change during knee motion. In- 
sertions that are too anterior on the femur lead to graft 
lengthening with knee flexion. If very anterior, there is 
increased tension in both flexion and extension. Poste- 
rior insertions result in decreased length and increased 
laxity of the graft as the knee is flexed. If too vertical 
there will be decreased resistance to anterior tibial trans- 
lation. A medial or lateral femoral position will result 
in graft impingement, abrasion, and subsequent fail- 
ure. 10-12 

As most surgeons have become aware of the im- 
portance of proper femoral tunnel positioning and have 
become more consistent in femoral tunnel placement, 
the problems associated with incorrect tibial tunnel 
placement have become apparent. A tibial tunnel placed 
too anterior is associated with roof impingement. In ad- 
dition, endoscopic placement of the femoral tunnel will 
be more difficult, and the tunnel will tend to be malpo- 
sitioned if the “over-the-top” guide is placed anterior to 
its desired position on the roof. The posterior cruciate 
ligament (PCL) may be damaged during tunnel reaming 
if the tibial tunnel is too posterior. Posterior placement 
of the tibial tunnel is also associated with extensor lag. 
Excessive lateral placement of the tunnel may result in 
damage to the anterior horn of the lateral meniscus or 
impingement against the medial portion of the lateral 
femoral condyle. Excessive medial placement may re- 
sult in damage to the articular cartilage of the medial 
plateau during reaming and difficulty in passing the graft 
past the PCL (Fig. 14.1). The ACL graft should just 
touch the lateral aspect of the PCL and not be deflected 

by this structure. 

Jackson and Gasser^^ have described a method for 
reproducible selection of the central point of the tibial 
tunnel using four consistent anatomic landmarks. They 
note that choosing the center of the anatomic footprint 
of the ACL stump will position the graft too anteriorly 
in relation to the intercondylar roof. The anatomic con- 
sistency of these structures has an embryologic basis. 
These landmarks are the anterior horn of the lateral 
meniscus, the medial tibial spine, the PCL, and the ACL 
stump. The anteroposterior center of the tibial tunnel is 



in line with the inner edge of the anterior horn of the 
lateral meniscus. Intersection of this point with a point 
7 mm anterior to the anterior border of the PCL should 
correspond with a depression just medial to the mid- 
portion of the medial tibial spine. Use of these land- 
marks places the center of the tibial tunnel in the pos- 
terior half of the ACL footprint. This is more posterior 
than previously recommended,^^ a fact that will un- 
doubtedly simplify tunnel placement in the revision 
setting. 

Improper tensioning of the graft is a potential cause 
of graft failure. The most common error in technique is 
excessive tensioning of the graft, resulting in graft elon- 
gation and restriction of flexion. Both the anatomic po- 
sition of the graft and the type of fixation are factors 
that affect tension. Overtensioning not only can result 
in a loss of knee motion, but has been noted in exper- 
imental models to result in delayed vascularization and 
myxoid degeneration of graft fibers. Inadequate ten- 
sion will result in persistent instability due to a non- 
functioning graft. There is still debate over the ideal graft 
tension. Interestingly, Yoshiya et al^^ noted adverse ef- 
fects of excessive tension on graft tissue at a magnitude 
of 39 N. These undesirable effects were not seen in 
grafts tensioned at 1 N. Surprisingly, the authors found 
no difference in knee laxity between the groups at 3 
months, despite differences noted in the immediate post- 
operative period. Similarly, Gertel et aF^ found graft 
force and joint motion to be unaffected by the magni- 
tude of the tensioning force. Further, they found that 
current methods of graft tensioning produced a poste- 
riorly and externally rotated tibial configuration com- 
pared with normal. They suggested that excessive graft 
forces might be avoided by applying tension distally 
(from the tibial side) with the knee in extension. If a 
more physiologic joint configuration is desired, they rec- 
ommend that tension be applied proximally (via the 
femoral side of the graft). Others recommend more re- 
producible techniques. Richmond’s group^^ advocates 
the “maximum one-handed pull,” defined as the maxi- 
mum force that could be sustained by the surgeon for 
a 1- to 2-minute period with one hand. This technique 
is readily reproducible, and because it is performed with 
the knee in full extension, ensures that full extension is 
possible. Also, frictional forces between the bone block 
and tibial tunnel are lessened and it is unlikely that graft 
tension will be lost during screw placement. 

Fixation 

Many authors agree that graft fixation is the weak link 
in ACL reconstruction, representing the initial limiting 
factor in the immediate postoperative period. Fix- 
ation must be secure enough to prevent changes in graft 
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Figure 14.1. A: Posteroanterior (PA) weight-bearing view after two-incision anterior cruciate ligament (ACL) reconstruction 
demonstrating extreme medial placement of the tibial tunnel and hardware (left knee). B: Lateral radiograph (same patient) 
demonstrating extreme anterior femoral interference screw placement and posterior placement of the tibial interference screw. 
C: Coronal T1 -weighted magnetic resonance imaging (MRl) image demonstrating interference screw penetration of medial tib- 
ial plateau caused by improper tibial tunnel placement. D: Sagittal T1 -weighted MRl demonstrating tibial tunnel penetration of 
medial plateau. Note the remaining graft tissue within the tunnel. 



position while graft incorporation occurs. No in vivo 
measurements of functional forces on the ACL graft 
have been performed, yet various authors have esti- 
mated these forces to be approximately 500 
Kurosaka et aF^ determined that for a bone-tendon- 
bone graft, interference screw fixation with a 9-mm 
screw provides the strongest pullout strength when com- 
pared with staple fixation and suture techniques. No- 
tably, this method provided nearly twice the maximum 
tensile strength achieved with a 6.5-mm screw. 



Other factors influence the stability of the bone-screw 
interface, including the diameter of the screw as well as 
the size and shape of the bone plug. Recent evidence 
suggests that fixation may be enhanced with the cre- 
ation of circular (rather than trapezoidal) bone plugs. 
Butler et aF^ introduced the concept of “gap size” as 
an important variable in fixation strength. Using a 
porcine model, the authors determined that for gap sizes 
of 1 to 4 mm, a 9-mm interference screw provided the 
highest resistance to pullout force. They noted that for 
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gaps of 1 to 2 nam, a 7-mm interference screw was 
acceptable. While gaps greater than 4 mm were not 
specifically tested, by extrapolating data the authors sug- 
gested the use of suture/post fixation combined with the 
use of a 9-mm interference screw for gaps larger than 
4 mm. Additionally, it seems that the use of circular 
bone plugs would help to decrease gap size, thereby en- 
hancing fixation strength. 

It is generally accepted that the interference screw 
should be placed adjacent to the cancellous surface of 
the bone plug. Among the reasons in favor of this po- 
sition is the decreased likelihood of damage to the col- 
lagenous portion of the graft. Interestingly, Rupp et al^^ 
found that while the mode of fixation failure was de- 
pendent on the position of the screw relative to the bone 
plug, initial fixation strength was not affected. 

Ishibashi et aP^ have shown the site of tibial graft fix- 
ation to be of significant importance in the immediate 
postoperative period. They assessed the stability of 
knees following ACL reconstruction with different sites 
of tibial graft fixation: proximal, central, and distal. They 
reported that in the immediate postoperative period, 
proximal graft fixation provided the greatest resistance 
to anterior tibial translation and graft forces more closely 
resembling those of the normal ligament. The method 
is purported to entail decreased functional length and 
decreased “windshield wiper effect” as well as increased 
graft stiffness. 

Robertson et aP^ experimentally evaluated immedi- 
ate fixation strengths for various soft tissue to bone fix- 
ation methods. These techniques included the use of sta- 
ples, sutures, or screws with a spiked soft tissue plate 
or plastic spiked washer. The authors reported the most 
secure method of soft tissue fixation to bone occurred 
with a screw and spiked washer or spiked soft tissue 
plate. They also noted that increased resistance to pull- 
out could be obtained by placing the screw directly 
through the graft via a stab incision or by wrapping the 
graft around the screw. Similarly, Steiner et aF^ re- 
ported the strongest fixation technique for a hamstring 
graft is one in which the semitendinosus and gracilis are 
doubled. The free ends of the graft are fixed to the fe- 
mur in a figure-of-eight weave around two 4.5-mm bi- 
cortical screws and two spiked washers. The looped ends 
of the graft are fixed to the tibia by three number-5 
nonabsorbable sutures passed through the loop and 
tied around a 6.5-mm cancellous screw with a metal 
washer.^^ Notably, Steiner et al reported all hamstring 
grafts secured with suture fixation failed with prolonged 
pullouts, either by complete suture-graft disruption or by 
graft stretching. They concluded that the washer tech- 
nique is superior to the suture technique in achieving 
ACL reconstruction with closer-to-normal strength and 
stiffness. 



Many studies comparing the fixation strength of 
bioabsorbable interference screws with that of metal 
screws have yielded inconsistent results. Pena et aP^ 
have shown the bioabsorbable models fail by a bone 
block pullout mechanism at lower loads than that seen 
for the metal screws. A significantly lower pullout 
strength in the bioabsorbable group was reported, but 
when the failure strength was corrected for patient age 
and bone density, the failure loads were nearly 700 N 
and comparable to those noted in the metal screw 
group. Although the average load before failure in the 
bioabsorbable group was greater than 500 N, compared 
to just over 400 N in the metal group, Johnson and 
VanDyk^^ reported no statistical difference between the 
groups. However, the studies do not agree on the sig- 
nificance of these findings. At the current time, since 
there has been no overwhelming number of fixation fail- 
ures with the bioabsorbable screw seen clinically, per- 
haps the estimated loads for activities of daily living are 
too high. Additionally, pullout testing is generally per- 
formed with the load in line with the longitudinal axis 
of the ligament, a situation not representative of phys- 
iologic loads seen with the graft. Certainly, this is an is- 
sue that warrants further investigation. 

Graft Incorporation 

Autograft and allograft tissues undergo a similar se- 
quence of biologic remodeling and incorporation. 
These stages include ischemic necrosis, revasculariza- 
tion, cellular repopulation/proliferation, and collagen re- 
modeling.^^ The process, in which these tissues undergo 
biologic and histologic transformation, adopting features 
characteristic of ligamentous tissues, has been termed 
“ligamentization” by Amiel et al.^^ While recent studies 
confirm that the grafts do undergo a transformation, 
the collagen ultrastructural pattern is characteristic of 
organized scar repair tissue rather than of the native 
ligament. As current techniques and tissues cannot re- 
produce the exact physiology of the ACL, this trans- 
formed scar tissue serves as a check to anterior trans- 
lation, rather than a physiologic duplicate of the native 
ACL. Thus, while the function of the knee is improved, 
the reconstructed knee does not truly duplicate the orig- 
inal knee biomechanics. 

The mechanisms that lead to failure of graft incor- 
poration are poorly understood. Authors who have 
performed second-look arthroscopies after ACL surgery 
report that functional grafts appear taut and revascu- 
larized. In addition, biopsy of these specimens reveal 
normal cellularity and well-arranged collagen bundles. 
Conversely, in nonfunctioning grafts there is no evi- 
dence of revascularization. These grafts are often seen 
in association with obvious technical error. The 
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work of Yoshiya et and Corsetti and Jackson^^ sup- 
ports this finding, and implicates the importance of both 
the biomechanical and histochemical factors in the de- 
termination of the functional characteristics and perfor- 
mance of the graft. Furthermore, Corsetti and Jackson 
suggest that the loss of strength of grafts during the re- 
modeling process is more related to the inability, intra- 
operatively, to produce physiologic tension and position. 

Resorption surrounding bony tunnels is a rare man- 
ifestation of failure of graft incorporation. Some authors 
postulate an immune-mediated reaction as the etiol- 
ogy."^^’"^^ While this may be a reasonable explanation 
for cases involving allograft tissue, it fails to account for 
those failures involving autograft tissue. 

Trauma 

Failure of ACL reconstruction can result from the 
application of excessive load to the graft prior to graft 
maturation. All biologic grafts undergo a period of lig- 
amentization characterized by an initial decline in me- 
chanical strength followed by a gradual return to full 
strength. This period may last as long as 1 year. Any 
of the factors previously mentioned may contribute to 
either early or late reconstruction failure. 

Early failure occurs prior to complete incorporation 
of the graft and prior to the completion of the rehabil- 
itation program. It may be related to overzealous reha- 
bilitation or to premature return to full activity. In either 
instance, the graft is exposed to excessive forces prior 
to completion of the maturation process. 

Late failure occurs after completion of a rehabilita- 
tion program and after full activity has been resumed. 
Significant trauma to the knee is usually involved, and 
in these cases there is an assumption that a functioning 
ligament was damaged by a sufficient force that would 
have torn a normal, physiologic ACL. 

Late failure may also be the consequence of uncor- 
rected associated ligament injuries, such as posterolat- 
eral rotatory instability or valgus laxity. Under these cir- 
cumstances, in addition to the forces to which the ACL 
is typically exposed, the graft is also exposed to forces 
that would normally be borne by other static restraints 
to knee motion. 

Preoperative Evaluation 

Preoperative evaluation begins by obtaining information 
on the nature and timing of the primary injury as well 
as the number of recurrent episodes of instability. The 
patient’s current symptoms are important as well. Symp- 
toms associated with articular, ligamentous, and menis- 
cal pathology should be sought, which include pain, 
grinding, swelling, locking, or giving way. The level of 
activity prior to and after the initial reconstruction and 



after the most recent injury is important as well. Not to 
be overlooked are the patient’s expectations, as a return 
to high levels of vigorous physical activity may not be a 
realistic expectation following revision ACL surgery. 

Details regarding the primary procedure may be ob- 
tained from the operative report. Of note are the tech- 
nique (two-incision, endoscopic, extraarticular), fixation 
method, and graft selection. Additionally, information 
regarding the condition of the articular surface, menisci, 
PCL, posterolateral corner, collateral ligaments, align- 
ment, and patellofemoral tracking must be noted. 

Physical examination should begin with analysis of 
the patient’s gait. Berchuck et al"^^ noted a decreased 
magnitude of flexion moment in the ACL-deficient knee. 
This was interpreted as the patient’s effort to reduce or 
to avoid contraction of the quadriceps, minimizing the 
anterior tibial translation that normally occurs as the 
quadriceps contracts and the knee approaches full ex- 
tension. This abnormal gait pattern has been termed the 
“quadriceps avoidance gait.” Timoney et al^"^ noted a 
tendency toward gait normalization after ACL recon- 
struction and a disappearance of the quadriceps avoid- 
ance mechanism. 

Examination of the skin to determine the location of 
previous surgical incisions is invaluable. Previous inci- 
sions should be used when possible. When additional in- 
cisions are required, inadequate skin bridges should be 
avoided. Next, muscle bulk and tone should be assessed. 
The presence of atrophy of the quadriceps, particularly 
the vastus medialis oblique (VMO), is often overlooked 
but can be a significant source of knee pain and effu- 
sion. In the presence of significant atrophy and weak- 
ness, a trial of rehabilitation should be completed prior 
to revision reconstruction of the ACL. 

Evaluation of range of motion is crucial prior to per- 
forming a revision procedure. Flexion is evaluated in the 
supine position. Extension, if limited in the supine po- 
sition, should be evaluated in the prone position with 
the knees hanging over the side of the table. Disparity 
between supine and prone extension suggests an ex- 
tensor lag with associated quadriceps atrophy. Loss of 
extension is more detrimental than loss of flexion and 
is associated with the development of patellofemoral 
pain.^^ The etiologies of a flexion contracture include 
roof impingement, improper tunnel placement, and soft 
tissue impingement such as a “cy clops lesion (Fig. 
14.2). Loss of motion should be addressed before revi- 
sion surgery. In some cases a staged procedure may be 
necessary to regain motion, followed by ACL revision 
at a later date.^^ 

An assessment to determine the presence of associ- 
ated ligamentous injuries should be performed. Most 
commonly, this involves posterolateral rotatory instabil- 
ity with or without valgus laxity, but the integrity of the 
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Figure 14.2. A: Arthroscopic view of a failed ACL reconstruction with a resultant “cyclops lesion” (90-degree knee flexion). 
B: With attempted extension the lesion blocks terminal motion by impinging on the anterosuperior surface of the intercondylar 
notch. 



PCL and other ligamentous structures should also be de- 
termined. In the case of a hemarthrosis, acute liga- 
mentous injury should be expected. 

Attention should then be directed to the patello- 
femoral joint. Crepitus, fibrosis, or subluxation should 
be noted. Particularly in those patients who have pre- 
viously undergone a bone-patellar tendon-bone auto- 
graft, examination for patella alta or baja should be 
sought. An effusion may alert the clinician to the pres- 
ence of associated articular or meniscal pathology, and 
the examination concludes with an assessment of menis- 
cal and chondral structures. Palpation along the joint 
line should be performed, but specific palpation along 
the condyles medially and laterally should be performed 
at varying flexion angles and the degree of flexion in 
which pain can be elicited should be noted. 

Once this information has been obtained, the failure 
may be one of four types as described by Marder.^^ A 
patient who remains symptomatic despite a stable knee 
and has complaints consistent with a nongraft condition 
can be expected to respond favorably to directed reha- 
bilitation program and activity modification within the 
first 2 years. These conditions include chondromalacia, 
quadriceps atrophy, and mild flexion contracture. Flex- 
ion contracture of >5 degrees, meniscal tears, or 
patellofemoral arthrosis cannot be expected to be im- 
proved by nonoperative treatment. Revision notchplasty 
and debridement of scar tissue may improve extensor 
lag. Mensical pathology may respond to debridement. 

Patients with an isolated ACL injury should be con- 
sidered candidates for a revision reconstruction. Those 
patients with ACL laxity in combination with other lig- 
amentous laxity should be considered for revision re- 



construction and reconstruction of associated ligamen- 
tous pathology. The presence of early arthrosis should 
not be a contraindication to these procedures. More sig- 
nificant chondral lesions and meniscal pathology should 
be addressed at the time of reconstruction or treated in 
a staged fashion. 

RADIOGRAPHIC EVALUATION 

Radiographic evaluation begins with anteroposterior and 
lateral radiographs, from which the surgeon may obtain 
information regarding tunnel location, type and position 
of hardware, and surgical technique (Fig. 14.3). In ad- 
dition, bone density can be assessed, and osteolysis may 
be noted. Patellar height may be measured, and the 
presence of alta or baja recorded. Two other important 
radiographic views include the Merchant and 45-degree 
posteroanterior (PA) flexion weight-bearing views. The 
former radiograph assesses the degree of patellofemoral 
arthrosis or patellar subluxation. An assessment of the 
patellar defect from previous graft harvest is also possi- 
ble. The latter view evaluates the joint space narrowing 
and degenerative changes in the 45-degree flexion zone. 
This radiograph demonstrates subtle chondral degener- 
ation and is especially sensitive to postmenisectomy 
compartment changes. This view also gives an excellent 
demonstration of the intercondylar notch and can eval- 
uate early stenosis from osteophyte formation. 

If there is a concern about the patient’s overall align- 
ment, long-leg standing films should be obtained. The 
mechanical axis (the line from the center of the femoral 
head to the center of the ankle joint) and femoral-tibial 
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Figure 14.3. A: PA weight-bearing 
radiograph demonstrating failure of 
femoral interference screw fixation 
resulting from improper insertion 
and minimal screw thread contact 
with the graft. B: Lateral radiograph 
demonstrating improper tunnel 
position and failure of fixation fol- 
lowing a two-incision ACL recon- 
struction. 





angles (center femoral diaphysis to center tibial diaph- 
ysis) should be obtained. These radiographs are partic- 
ularly important in the setting of an observed lateral 
thrust or excessive valgus alignment with associated me- 
dial collateral ligament instability. 

Other radiographic modalities useful in preoperative 
planning include computed tomography (CT) scan and 
magnetic resonance imaging (MRI). If concerned about 
tunnel expansion and/or bony loss as well as bone den- 
sity, the CT scan is an excellent analytic modality. MRI, 
while certainly not a mandatory preoperative aid, can 
be of valuable assistance in the diagnosis and assess- 
ment of associated meniscal, articular, and ligamentous 
pathology (Fig. 14.4). In addition, it has proven accu- 
rate in evaluation of the integrity of the ACL graft it- 
self. 

Graft Selection 

There are currently three graft sources available: auto- 
graft, allograft, and synthetic. There are three broad cat- 
egories of prosthetic ligaments that have been used in 
the past: permanent, scaffold, and augmentation-type 
devices. These devices have the theoretical advantages 
of eliminating graft harvest morbidity, unlimited avail- 
ability, no risk of disease transmission, strength ex- 
ceeding normal tissue, and facilitating early return to 
sports. 

Permanent grafts exhibit high ultimate strength and 
stiffness acting as permanent ACL replacements. The 
two most commonly used in North America in the 



1980s were the Gore-Tex (Gore and Co., Flagstaff, AZ) 
and Stryker Dacron (Stryker Endoscopy Co., Sunnyvale, 
CA). 

The Gore-Tex device is a triple-helical, multifilament 
strand composed of polytetrafluoroethylene (PTFE) with 
loops on each end. Fixation was achieved by placing 
screws through these loops. Biomechanically the device 
demonstrated an ultimate strength of 5,300 N and strain 
at yield of 2% to 5% versus 25% for the normal ACL."^^ 
Due to increasing failure rates, Gore-Tex designed a 
compact diameter cruciate ligament (CDCL) with a 40% 
reduction in diameter with improved results. Despite 
these improvements, the company discontinued all pros- 
thetic implants in 1993.^^ 

The Dacron (Stryker) prosthesis is composed of a 
core of four strands of Dacron tape surrounded by a 
knitted Dacron velour tube. This device has an ultimate 
strength of 3,613 N and is less stiff than the normal 
ACL at 42 N/mm."^^ Multiple studies have demonstrated 
extremely high failure rates at 2 years with this de- 
vice. 

As one can see, despite excellent theoretical advan- 
tages, in clinical practice these implants have been as- 
sociated with early ruptures, progressive prosthetic 
stretching at 4 to 5 years, cystic ganglion formation, 
and recurrent sterile effusions. Scaffold implants 
were developed in response to the failures with the 
above permanent devices. 

The Leeds-Keio prosthesis has been used extensively 
outside the United States. This implant is a polyester 
with an open-weave tube. It was designed to promote 
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Figure 14.4. A: Coronal T1 -weighted MRI demonstrating penetration of the subchondral bone of the medial tibial plateau by 
hardware secondary to improper (posteromedial) tibial tunnel placement. Note the patient also has a displaced bucket-handle 
tear of the medial meniscus. B: Corresponding sagittal T1 -weighted image demonstrating penetration of subchondral bone of 
the medial tibial plateau by hardware, tibial tunnel widening, and a bucket-handle meniscal tear. C: Arthroscopic view (antero- 
lateral) at revision in the same patient, revealing hemorrhage and inflammation, in an abraded, elongated, and failed graft. D: 
Arthroscopic view (anterolateral) of the displaced bucket-handle medial meniscal tear. Note the damage to the medial tibial 
plateau caused by previous drill and graft passage through this region. E: Arthroscopic view (anterolateral) during attempted re- 
duction of the medial meniscal tear. Note the severe articular cartilage damage along the medial tibial plateau. (Top; femoral 
condyle. Bottom: tibial plateau. Views correspond with radiographs and MR images in Fig. 14.1). 





fibrous ingrowth. Femoral fixation is achieved by place- 
ment of a tubular bone graft in a loop on the end of 
the prosthesis that is then press fit into place. Distal fix- 
ation is achieved by placing a similar bone graft along 
the flat end of the graft distally. Initial recommendations 
were for 4 to 6 weeks of immobilization allowing for fi- 
brous ingrowth. Biomechanical testing demonstrated an 
ultimate strength of 840 to 870 N, which theoretically 
increased to 2,000 N with fibrous ingrowth. Two 
separate studies demonstrated low failure rates and 
few complications 4 years postoperatively.^^’^^ Fujikawa 
and Iseki^^ on second-look arthroscopy reported new 
random tissue with rich vascularity at 3 months. At 12 
months a mature ligament resembling the normal ACL 
was observed. While these results are promising, long- 
term follow-up is required to reach more definitive con- 
clusions, and the technique does have questionable 



initial fixation that requires prolonged postoperative im- 
mobilization. 

Carbon fiber implants have been used in knee liga- 
ment surgery as well.^^’^^ These devices were strong and 
theoretically bioinert and demonstrated a propensity to 
induce fibrous ingrowth. Unfortunately, if not sur- 
rounded by autogenous tissue such as fascia lata, carbon 
fiber particle formation created a synovitic response and 
minimal neotendon formation was seen.^^’^^’^^ Follow- 
up of patients treated with these implants has demon- 
strated persistent pain, effusion, and synovial thickening, 
most likely attributable to particle formation. 

J.C. Kennedy^^ designed the ligament augmentation 
device (LAD), which is a permanent, woven prosthesis 
composed of braided polypropylene with an ultimate 
strength of 1,500 to 1,730 The implant and au- 
togenous tissue are tubularized around one another and 
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secured with nonabsorbable suture. The LAD is attached 
at only one end (i.e., femur or tibia) to prevent subse- 
quent stress-shielding and graft elongation or rupture 
that has been reported with device fixation on both 
ends.^^ Fowler and Capra^^ reported 91% good to ex- 
cellent results at 7.5-year mean follow-up of augmented 
reconstructions performed using the modified Marshall 
Macintosh technique. Roth et al^^ noted improved func- 
tional stability with augmentation with low complication 
rates as well. As a result, synthetic grafts are currently 
used on a limited basis for augmentation purposes by 
select surgeons. 

There are three sources of autograft tissue used by 
most surgeons at the current time: central one-third 
bone-patellar tendon-bone (BPTB), quadrupled ham- 
string tendon (gracilis and semitendinosus), and quadri- 
ceps tendon. Although popular in the past, use of the 
fascia lata (proximal fascia or distal iliotibial band) has 
fallen out of favor due to the decreased tensile and ul- 
timate strengths demonstrated by biomechanical test- 
ing. The advantages and disadvantages of the three 
main tissue types are listed in Table 14.1. In the revi- 
sion setting the patient typically has undergone either 



BPTB or hamstring ACL reconstruction. Typically, this 
leaves the alternate tissue available for autogenous ACL 
reconstruction. In addition, the use of quadriceps ten- 
don (anterior one-half tendon with attached bone block) 
is gaining popularity in these situations. As opposed 
to using allograft tissue when no autogenous source is 
available, some surgeons prefer to use contralateral au- 
togenous tissue (usually BPTB).^^’^^ While having the 
advantages provided by an autogenous tissue source (de- 
scribed below), there is obviously a risk of potential dam- 
age and postoperative morbidity associated with these 
techniques. Further, there may be a more complicated 
rehabilitation period as the patient is concerned with re- 
covery in both knees rather than one knee. 

Some surgeons have recommended repeat harvest of 
the ipsilateral central patellar tendon graft during revi- 
sion surgery. Three significant histologic studies have 
raised questions concerning this clinical practice. Liu et 
aF^ performed MRI analysis on 16 patients and further 
donor-site biopsies on four patients who had previously 
undergone autologous patellar tendon ACL reconstruc- 
tion an average of 7 years prior to the study. MRI 
showed tendinous reconstitution into the patellar defect 



Table 14.1. Advantages and disadvantages of the three types of autograft tissue 



Central bone patellar Quadrupled 

tendon-bone (BPTB) semitendinosus/gracilis Quadriceps tendon 



Advantages 


Disadvantages 


Advantages 


Disadvantages 


Advantages 


Disadvantages 


High tensile/ 


t Potential 


High tensile/ 


Stiffness — femur- 


Highest 


potentially 


ultimate: 


donor-site 


ultimate: 


tendon-tibia 


stiffness/ 


bulky graft 


Strength 


morbidity^ 


Strength 


complex® 


strength 




Stiffness 

Bone-to-bone 


Persistent 


Lower % 




measured 




healing 


anterior 


persistent 










knee pain*^ 


anterior 
knee pain*^ 








High initial 


Long-term 


No long-term 


Lower initial 




Lower initial 


fixation 


deficit 


deficit 


fixation 




distal fixation 


strength 


quadriceps 


hamstring 


strength 




strength 




strength^ 


function 










Smaller 


Larger cross- 


Inability to fill 




Limited North 




tendon 


sectional area 


large bony 




American 




diameter 


(cylindrical)^ 


defects 




experience 




than native 
ACL (1 cm) 


i Potential 
donor-site 
morbidity 


(bone grafting) 







^Patellar fractures, patellar tendon ruptures. 

'^Patellofemoral pain, | patellofemoral mobility, tendinitis. 

^Controversial (some studies have demonstrated postoperative quadriceps deficits while others have not).^^”^®^ 
^Estimated need for 15.9-mm wide/4-mm thick BPTB graft to equal 9-mm wide hamstring graft. 

^Despite similar initial fixation strengths, hamstring elongation at failure is double BPTB.^^ 

ACL, anterior cruciate ligament. 
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Table 14.2. Advantages and disadvantages of autograft and allograft tissue 





Autograft 




Allograft 


Advantages 


Disadvantages 


Advantages 


Disadvantages 


No disease transmission 


Increased operative time 


Decreased operative time 


Risk viral transmission 


No immune reaction 


Potential donor-site 
morbidity 


No donor-site morbidity 


Possible immune 
reaction^ 


Faster fibroblast 


Exacerbate preexisting 


No effect on underlying 


Slower fibroblast 


repopulation 


condition/process 


conditions 


repopulation 


Faster revascularization 


Increased postoperative pain 
Potentially unavailable^ 


Greater freedom in 
choice graft size 
Readily available’^ 


Slower revascularization 

Need reliable tissue bank 
Tissue processing: 
potential damage 
collagen/tensile 
strength 



^Previous graft harvest, prior donor-site trauma, congenital dysplasia. 
'^Assumes tissue bank availability and adequate tissue quality. 

^No clinical significance demonstrated at current time. 



with no evidence of bone formation. Histology showed 
an indirect insertion pattern with absence of the normal 
fibrocartilage zone. Two other histologic studies revealed 
50% to 60% reductions in the average load to failure, 
ultimate stress, and Young’s modulus. These same 
two studies also demonstrated decreases of 67% to 73% 
in the energy to failure of the reharvested tissue at 6 
and 12 months in comparison to controls. The stiffness 
of the tissue was decreased by 27% but was not statis- 
tically significant. Clearly, based on these studies the re- 
constituted tissue is not satisfactory for revision surgery. 

At the current time, there are two types of allograft 
tissues that most surgeons are using on a regular basis: 
Achilles tendon and patellar tendon with attached patella 
and tibial bone.^^ Manning et aF^ reported on the use 
of fascia lata allograft to reconstruct the ACL with 78% 
good to excellent results in 50 patients. This last tissue 
type is no longer under standard use due to the bio- 
mechanical findings described above. Most tissue-bank 
facilities are using fresh frozen tissue as opposed to 
freeze-dried or irradiated tissues. Radiation, while killing 
the human immunodeficiency and hepatitis viruses, has 
been shown to damage the collagen structure, weaken- 
ing the tensile strength. Currently the American As- 
sociation of Tissue Banks has recommended a dose of 
2.5 megarad (Mrad) of gamma irradiation. Fideler et aF^ 
demonstrated that a dose of 3 Mrad was needed to com- 
pletely kill human immunodeficiency virus in human ca- 
daveric specimens with known positive histories. Con- 
way et aF^ demonstrated similar findings. Rasmussen et 
aF^ reported no difference in initial tensile strength be- 
tween tissues irradiated with 4 Mrad and controls. Ob- 
viously, effective screening programs are required to 



prevent disease transmission. At the current time, using 
strict guidelines, the American Association of Tissue 
Banks estimates the risk of disease transmission to be 
less than 1 per 1,000,000.^^ Since the implementation 
of these screening criteria, there has not been a docu- 
mented case of disease transmission from allograft tis- 
sue. The advantages and disadvantages of autogenous 
and allograft tissues are listed in Table 14.2. 

SURGICAL TECHNIQUE 

As described previously, careful preoperative assess- 
ment for etiology, history, and prior surgical procedures 
is the most important initial step in revision ACL 
surgery. Previous incisions, muscle atrophy, limited 
range of motion, retained hardware, bony loss, and con- 
comitant ligamentous instability must be addressed both 
preoperatively and during the initial examination under 
anesthesia. 

Examination Under Anesthesia 

This is a crucial part of the procedure and should al- 
ways be performed. Ideally, all findings during this step 
will have already been anticipated based on the preop- 
erative evaluation in the office. 

Range of Motion 

Loss of extension suggesting possible arthrofibrosis 
should be addressed with a manipulation and applica- 
tion of a “drop-out” cast (Fig. 14.5). This cast contains 
a circumferential thigh component proximal to the su- 
perior pole of the patella and an additional posterior 
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Figure 14.5. “Drop-out” cast producing a hyperextension 
force. The cast is removed the next day (18 hours postoper- 
atively) and range of motion initiated. Significant pressure can 
be applied to the posterior calf and Achilles region. These re- 
gions should be observed closely for the development of skin 
and soft tissue necrosis. 

component (posterior one-half) distally. Extra padding is 
applied at the most proximal posterior portion and 
suprapatellar pouch regions. The knee is sequentially 
forced into hyperextension by the addition of surgical 
towels between the distal calf, Achilles tendon and heel, 
and the inner surface of the distal cast. The patient is 
maintained in the hospital overnight as there can be sig- 
nificant pain as well as the possibility of posterior skin 
necrosis. The amount of hyperextension applied is eas- 
ily modified through the number of towels distally. The 
cast is removed after approximately 18 hours and range 
of motion therapy initiated as well as application of a 
3 X 10 = 0” brace (Instrument Makar, Inc., Okemos, 
MI) and/or dynamic splint as needed. The former brace 
applies a hyperextension force three times per day for 
10 minutes each time. The latter splints work over 
longer periods of time and would be required for more 
significant flexion contractures. Terminal flexion is eas- 
ier to maintain. Loss of motion (side to side extension 
disparity >5 degrees and flexion disparity >20 degrees) 
is a contraindication to revision reconstruction, and 
treatment for these problems should be performed as a 
separate operative procedure. Once motion has been 
returned and adequate muscular strengthening has been 
performed, the actual reconstructive procedure can be 
performed. 

Associated Ligamentous Injuries 

If full range of motion is obtained, examination should 
proceed to assessment for ligamentous damage. Stan- 
dard examination includes the Lachman’s maneuver, 
pivot-shift test, anterior/posterior drawer testing at 90 
degrees, evaluation of medial femoral condyle to tibial 
plateau step-off at 90 degrees, and assessment for ro- 
tational stability at 30 degrees and 90 degrees of flex- 
ion. Care should be taken to reduce the tibia anteriorly 
if underlying posterior tibial subluxation is suspected. 



Posterior tibial subluxation can mask posterolateral cor- 
ner instability. These associated ligamentous findings 
should be addressed either as a staged procedure or si- 
multaneously at the time of ACL reconstruction. 

Skin Incisions 

The final portion of the examination under anesthesia 
should be to check the skin and note the previous op- 
erative incisions. These will have to be incorporated into 
the planned approach if the incisions are within 5 to 7 
cm of the area of concern. Avoidance of narrow skin 
bridges prevents subsequent tissue necrosis. 

Technical Considerations 

Hardware Removal 

Preoperative radiographs and the previous operative 
note(s) should be assessed. The appropriate instrumen- 
tation for hardware removal should be available. Tibial 
screws are typically more accessible and may be re- 
moved through a small portion of the prior incision. 
Femoral interference screws placed arthroscopically with 
an anatomic tunnel location should be removed if pos- 
sible (Fig. 14.6). In some circumstances the hardware 
can be maintained in place and the tunnel placed adja- 
cent to the metal (Fig. 14.7). For example, if a two-in- 
cision technique was used for femoral fixation during 
the prior operative procedure, or if the previous tunnels 
were placed incorrectly, or if it is deemed possible to 
miss the previous screw(s), consideration can be given 
to retaining the hardware. The graft can be placed ad- 
jacent to the hardware in this situation, avoiding a large 
bony defect and the need for bone grafting. As with 
any hardware removal, care should be taken to clear all 
bone and soft tissue from around the implant. When re- 
moving screws specifically, it is imperative that the 
screwdriver is embedded firmly within the screw head 
to prevent metal stripping. One helpful technique is to 
gently tap the end of the screwdriver with a mallet while 
simultaneously twisting the screwdriver. This maintains 
screwdriver-to-screw contact while also loosening the 
screw from its bony fixation. Metal stripping prevents 
removal of the screw without associated removal of bone 
producing large defects requiring bone grafting. 

Prosthetic Ligament Removal 

These ACL failures should be viewed as a separate group 
with a complete host of important, unique preoperative 
considerations. The type of synthetic ligament as well as 
operative technique should be clearly understood. Op- 
erative details may be difficult to find. As these ligaments 
have demonstrated widespread failure, the techniques as- 
sociated with their use have become obsolete. 

Permanent implants (Gore-Tex or Dacron [Stryker]) 
and carbon fiber implants should be removed en bloc, 
avoiding piecemeal removal due to the potential risk of 





Figure 14.6. A: Arthroscopic view (anterolateral portal) of a fenaoral interference screw in place during a revision procedure 
and (B) during rennoval. In this case the screw was near the desired tunnel position and would interfere with the revision pro- 
cedure if retained. (Orientation: the femoral surface at the posterior aspect of the intercondylar notch is at the top of the ar- 
throscopic view.) 





D 



Figure 14.7. A: Lateral radiograph demonstrating anterior 
femoral tunnel placement. B: On the corresponding anteropos- 
terior (AP) view the interference screw appears to be in the 
appropriate position. C: Intraoperative lateral radiograph dur- 
ing revision surgery. The femoral tunnel guide pin was easily 
placed posterior to the previous interference screw. Note the 
knee is at about 85 degrees flexion, causing a slight curvature 
in the guide pin. D: Intraoperative view of a bone tunnel using 
the arthroscope. In this case it was possible to retain the hard- 
ware, placing the tunnel adjacent to the previous interference 
screw. 
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Figure 14.8. The appearance of a failed Gore-Tex ACL graft 
retrieved at the time of revision ACL reconstruction. Note that 
the graft has been removed en bloc, avoiding particle forma- 
tion that can lead to synovitis, sterile effusions, and possible 
articular cartilage degeneration. (From ref. 103, with permis- 
sion.) 



particle formation (Fig. 14.8). This requires the avoid- 
ance of drills and arthroscopic knives and punches. Usu- 
ally the extraarticular portion of the prosthesis is grasped 
with a Kocher clamp and a gouge (8-10 mm) is inserted 
into the tunnel. This serves to release the fibers at the 
tunnel wall/ligament interface. ^^6 ligament is then 

removed by winding the graft around the clamp in cir- 
cular fashion. Additional material is removed using 
curettes and a pituitary grasper as needed. As stated 
previously, LADs are fixed at one end, and the details 
of the operative report are important to determine 
where fixation occurred. Once again, en bloc resection 
should be performed and use of arthroscopic resectors 
avoided, producing minimal debridement. 

Revision Notchplasty 

The importance of intercondylar notch size and shape 
as well as its relationship to tunnel location has been 
clearly delineated. An MRI obtained prior to graft 

failure will demonstrate signal change anteriorly as the 
knee is moved into extension. This finding represents 
impingement on the anterosuperior notch. It is im- 
portant to obtain a lateral radiograph in maximal knee 
extension to determine whether graft impingement on 
the intercondylar notch led to the reconstructive fail- 
ure. Howell and Taylor^^ clearly demonstrated that 
increased failure rates occur when any portion of the 
tibial tunnel is located anterior to the slope of the in- 
tercondylar roof. Abnormal tunnel location and subse- 
quent notchplasty to remove the impinging bone may 
lead to later notch regrowth or overgrowth followed by 
impingement and failure. 

Knowledge of potential sites of graft impingement is 
important when performing a notchplasty. The graft can 
impinge at the anterosuperior roof and the medial wall 



of the lateral femoral condyle. In addition, the anterior 
aspect of the femoral tunnel, posterior aspects of the 
tibial tunnel, and tibial spines are potential sites of graft 
impingement. Many of the standard anatomic landmarks 
are missing during revision surgery, leading to abnor- 
mal tunnel placement and excessive bone removal. 
When performing revision ACL surgery, correct tibial 
tunnel location should be carefully planned, the specifics 
of which are delineated in the next section. Olson et al^^ 
demonstrated the importance of tibial tunnel location. 
Following tibial tunnel placement, the “impingement 
test” should be performed with tunnel expanders (In- 
strument Makar, Inc., Okemos, MI); this is a helpful way 
to assess for potential graft impingement (Fig. 14.9).^^ 

One additional benefit of an adequate notchplasty, 
particularly during revision ACL surgery, is improved vi- 
sualization of the posterior arch of the intercondylar 
notch or the “over-the-top” position. It is important to 
clearly define the junction between the posterior bone 
of the notch and the fascia on the posterior surface of 
the femur. A probe or curette can be used to verify 
the “over-the-top” position (Fig. 14.10A). Notchplasty 
should also improve visualization of the previous femoral 
tunnel and interference screw locations (Fig. 14.1 OB). 

Tunnel Placement 

Preoperative radiographs and other imaging modalities 
provide vital information for tunnel placement. As out- 
lined previously, these studies should alert the surgeon 
to the potential need for bone grafting as well as the 
most suitable tunnel location. Once again, if previous 
tunnel and hardware were in an extremely abnormal lo- 
cation simply placing the tunnels in a more ideal loca- 
tion will suffice. Similarly, revision of two-incision-type 
ACL reconstructions using a one-incision technique can 
take advantage of the different femoral tunnel angles 
created by each technique. The femoral tunnel from 
a two-incision ACL enters the intercondylar notch at a 
more acute angle. There is such a large disparity in tun- 
nel location between the two techniques that there is 
typically no need to remove the hardware or tissue from 
the failed reconstruction. 

Commonly the previous reconstruction was per- 
formed through a one-incision technique and the tun- 
nel location is nearly anatomic or anatomic. Tunnel 
placement in these cases can be difficult. The decision 
in these circumstances should center on whether the 
tunnel is at the optimal position or just anterior or pos- 
terior to this position. 

Tibial Tunnel. If the tibial tunnel is slightly anterior, 
the tunnel should be expanded posteriorly to the opti- 
mal position. This typically leaves a bony defect anteri- 
orly, which can be filled with either a separate block of 
bone graft or impacted with bone graft. The graft is then 
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Figure 14.9. A: Lanny Johnson tunnel dilator set (Instrument Makar, Inc., Okemos, MI). A wide variety of sizes are available 
with either a smooth or serrated tip. These implants allow removal of previous graft tissue while maintaining bone. B: Arthro- 
scopic view (anterolateral portal) demonstrating placement of tunnel dilator into femoral tunnel (orientation: top of dilator at en- 
trance to femoral tunnel). C: Intraoperative lateral radiograph verifying proper tunnel position using a tunnel dilator with the 
knee flexed at 90 degrees. Note: Previous hardware (Endobutton, Acufex Inc., Mansfield, OH, and distal post) used in primary 
ACL with hamstring tendon graft). (From ref. 103, with permission.) 




Figure 14.10. A: Arthroscopic view (anterolateral portal) demonstrating a curette at the “over-the-top” position (posterior in- 
tercondylar notch). Note the fascial layer on the posterior surface of the bone, an excellent landmark to verify proper tunnel po- 
sition. The original graft (which was malpositioned) is superolateral to the curette. B: Same case. Femoral guidewire has been 
placed through the previously created starting point at the posterior aspect of the intercondylar notch (1 o’clock position). 
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placed in the desired position. If the tunnel is slightly 
posterior, the reverse can be performed. Large, capa- 
cious defects encountered at the optimal position should 
be treated with bone grafting and a staged procedure 
under most circumstances. If the defect is larger than 
desired but the overall diameter is about 12 to 14 mm, 
consideration can be given to simultaneous bone graft- 
ing and placement of the graft. Alternatively, if allograft 
BPTB tissue is used, an appropriately sized tibial bone 
block can be created to fill the defect. 

Femoral Tunnel. As above, if the femoral tunnel is 
slightly anterior, tunnel expansion should be performed 
posteriorly (Fig. 14.7). An attempt should be made to 
use a larger ACL bone block. Once again there are size 
limitations, and excessive bone loss will require bone 
grafting, which can be difficult. Unlike with the tibial 
tunnel, if the femoral tunnel is too posterior, a complete 
loss of all posterior tunnel continuity, or a “blowout” oc- 
curs. In the past these situations have been converted 
to a standard two-incision reconstructive procedure or 
an over-the-top technique. Alternatively, the Endobut- 
ton System (Acufex, Mansfield, OH) can be utilized to 
provide femoral fixation in the case of poor fixation or 
a violated posterior femoral cortex. 

Bone Loss 

Bone resorption or tunnel expansion should be ad- 
dressed preoperatively with radiographs and either MRI 
or CT scan (Fig. 14.11). These studies should give the 
surgeon an idea as to the extent of bone loss and the 
type of tissue within the tunnel. Significant defects 
and/or large, capacious tunnels encountered intraoper- 
atively should be treated with autologous bone grafting 
(Fig. 14.12). The actual reconstruction should be per- 
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Figure 14.11. Transverse Tl-weighted MR image demon- 
strating tunnel widening and bony resorption. 



formed following radiographic demonstration of graft in- 
corporation within the tunnel, which usually occurs at 
about 12 to 16 weeks (Fig. 14.13). Clearly, appropri- 
ate preoperative patient education of the possible need 
for a staged treatment plan is necessary. The preoper- 
ative imaging studies are helpful in this regard. 

Graft Fixation 

Fixation is most important during the initial 6 to 8 weeks 
after reconstruction and represents the weak link in re- 
constructive procedures during the immediate postop- 
erative period. Fixation strength is dependent on con- 
tact surface area with the graft, bone quality (graft and 
tunnel bone), tissue type, and the fixation device (Fig. 
14.3). Reliance on one particular method of graft fixa- 
tion should be avoided. Flexibility in operative tech- 
niques and fixation devices is a must during these cases. 
Despite studies that demonstrate a clear superiority of 
interference screw fixation over suture techniques, there 
will be scenarios where interference screw fixation is 
compromised (Fig. 14.14). Alternative fixation methods 
include staple fixation into a bony trough (BPTB) or di- 
rectly onto the soft tissue (Achilles, quadriceps, or ham- 
string tendon), suturing over a post, screw and spiked 
washer, and Hughston button or Endobutton. The use 
of bioscrew fixation is becoming popular but should be 
used when good tunnel and graft bone quality is pre- 
sent. In some instances multiple interference screws can 
be used to fill bony defects and supplement fixation. Bio- 
screws may be a helpful adjunct to fixation in these 
cases, avoiding the later problem of multiple retained 
metal interference screws. Once again, it is imperative 
that the primary surgeon be well acquainted with these 
alternative techniques and that the equipment be read- 
ily available. 

Secondary Restraints 

As stated previously, concern for secondary restraints is 
critical to a successful outcome in revision surgery. The 
preoperative workup and examination under anesthesia 
should alert the surgeon to these issues. Appropriate in- 
strumentation and tissues should be available to allow 
simultaneous treatment of the associated pathology, or 
the surgeon can stage the procedures appropriately. The 
decision should be based on the surgeon’s experience, 
operative staff availability, and individual patient issues 
such as age, activity level, job status and type, family 
support, and financial constraints. 

Varus instability, if present, is usually associated with 
posterolateral rotatory instability. If a true lateral thrust 
is demonstrated preoperatively by the patient, consid- 
eration should be given to performance of a high tibial 
osteotomy (opening or closing wedge). This can be per- 




c 



D 



Figure 14.12. The 45-degree PA weight-bearing view (A) and lateral radiograph (B) demonstrating bony resorption and tibial 
tunnel widening after a primary ACL reconstruction (BPTB). Bilateral 45° PA weight-bearing view (C) and lateral radiograph 
(D) 1 month following curettage and bone grafting to a large tibial tunnel defect. 
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Figure 14.13. AP (A) and lateral 
(B) radiographs 8 days after a 
staged revision ACL reconstruction. 
Note that bone grafting the previ- 
ous tibial tunnel has allowed for 
complete healing of the bony de- 
fect. The new tibial bone block and 
interference screw have been 
placed anteromedial to the bone 
grafted region. 




formed as part of a staged reconstruction or simultane- 
ously using allograft tissue for ACL reconstruction. Nu- 
merous techniques have been devised for posterolateral 
corner reconstruction, including reefing and/or auto- 
graft or allograft reconstructive procedures. Concomi- 
tant lateral collateral ligament injury should be treated 
along with the posterolateral corner reconstruction, if 
identified, but it usually occurs following a true knee dis- 
location from a significant traumatic event. 

Valgus instability should be determined preoperatively 



as well, and can be associated with an isolated medial 
collateral ligament injury or with prior menisectomy. The 
stabilizing role of the medial meniscus should not be 
overlooked. If anteromedial rotatory instability is pres- 
ent, it should be addressed with a simultaneous or staged 
medial meniscus reconstruction. Most medial collateral 
ligament or posterior oblique ligament injuries are 
chronic at the time of revision surgery and can be treated 
with a reefing procedure, insertional advancement, or, 
rarely, allograft vs. autograft reconstruction. 



Figure 14.14. AP (A) and lateral 
(B) radiographs demonstrating loss 
of fixation in femoral tunnel that 
occurred during the initial postoper- 
ative period. The screw has fallen 
inferiorly into the posterior aspect 
of the intercondylar notch. During 
the revision procedure it was noted 
that the bone graft had displaced 
inferiorly as well. 








14; Complications and Pitfalls in ACL Revision Reconstruction 



155 



Chondral damage can also contribute to operative 
failure and, if large enough, to instability. These prob- 
lems have to be addressed. Depending on the technique 
used and the size of the lesion, this pathology can be 
treated either simultaneously or in a staged fashion. Sim- 
ilarly, meniscal tears should be repaired at all costs, 
avoiding the destabilizing effect of total or subtotal men- 
isectomy. Alternatively, the menisectomy and recon- 
struction can be performed, and the patient told of the 
potential problems and observed for the development 
of symptoms. Once again, the meniscal reconstruction 
can be performed at a later time. 

Rehabilitation 

In contrast to the primary ACL reconstruction, revision 
cases should be customized based on surgical and pa- 
tient variables. In other words, the patient should not 
be rehabilitated according to a standard protocol. 

Important surgical factors that determine the post- 
operative rehabilitative regimen include graft source (au- 
tograft or allograft); graft type (BPTB, Achilles, ham- 
string, or quadriceps tendon); fixation technique and 
strength; and alignment and concomitant pathology, 
which includes treated and untreated conditions. The 
patient variables are equally if not more important than 
the above factors and include age, activity level, elastic- 
ity, weight, work demands, reliability, and motivation. 
Both sets of variables should determine postoperative 
weight-bearing status, bracing (type and length of time), 
range of motion (degrees, timing, active, active-assisted 
and passive), and time to return to full activity. 

CONCLUSION 

As more surgeons become skilled at performing primary 
ACL reconstructions, there will be an increase in the to- 
tal number of reconstructions. A subsequent increase in 
the number of failures has been, and will be, the nat- 
ural progression. 

The surgeon should perform a thorough history and 
examination as well as order the appropriate imaging 
studies to delineate the true etiology of the failure. The 
surgeon should also have the experience, comfort, and 
ability to perform the appropriate procedures required 
to treat all secondary restraint and associated pathology 
that can lead to recurrent surgical failures. Further, as 
more surgeons become skilled at the one-incision, ar- 
throscopic-assisted ACL, flexibility in treating the failed 
reconstruction will be required. Many of the bridges used 
to perform a primary ACL reconstruction will have been 
“burned.” Preoperative and intraoperative decisions will 
be required that lead to the use of alternative techniques, 
fixation methods, and rehabilitative protocols. Finally, 
before embarking on these challenging cases, it will be 



important to decide whether simultaneous or staged pro- 
cedures will be performed. Once again, surgical and pa- 
tient-related issues specific to each case should deter- 
mine this decision. 

Recent follow-up studies have demonstrated im- 
proved objective and subjective criteria following revi- 
sion ACL surgery. However, the overall outcome 
using the International Knee Documentation Commit- 
tee guidelines is less than that for primary ACL recon- 
structions, and this fact should be related to the patient 
preoperatively. Many factors probably account for this 
finding. The most significant factor may be the associ- 
ated articular and meniscal cartilage injuries as well as 
patholaxity commonly seen in this patient population. 
The patient, if adequately warned preoperatively, will 
have a higher level of satisfaction. These operative fail- 
ures are challenging but can be quite interesting. As with 
all surgical procedures, if correct preoperative planning 
and patient education occurs followed by a technically 
sound operation, a successful outcome can be achieved. 
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T his chapter discusses arthroscopy’s most compli- 
cation-fraught procedure — ^the lateral retinacular 
release. In 1970, Willner^ described the use of 
an isolated lateral retinacular release for recurrent patel- 
lar dislocation, and this was subsequently followed by a 
report by Merchant and Mercer^ in 1974. Since then, 
numerous methods of lateral retinacular release have 
been proposed, including open, closed, percutaneous, 
arthroscopic, and combined open/arthroscopic. Results 
with this procedure, given the proper indications, have 
been good, ranging from 14% to 100%,^"^^ with two- 
thirds of the studies reporting more than 70% satisfac- 
tory results. Much of the confusion in the literature about 
results following lateral retinacular release arises from 
the different indications for release used, and the crite- 
ria used for a successful result. No matter how it is per- 
formed, the success of a lateral release depends more 
on proper patient selection than on technique. 

While arthroscopic knee surgery is one of the most 
common orthopedic surgical procedures performed to- 
day, with an overall complication rate of 1.7%, the pro- 
cedure with the highest complication rate of 7.2% is the 
lateral retinacular release. Hemarthrosis is the most 
commonly reported complication, not only for lateral 
retinacular release, but for all arthroscopic surgical pro- 
cedures combined, which accounts for 60% of all com- 
plications, and is nearly five times more common than 
infection, the second most common complication. Thus, 
lateral retinacular release is not a benign procedure no 
matter how it is performed, and it should not be per- 
formed randomly or haphazardly. Whether the proce- 
dure is performed open, closed, or arthroscopically, at- 
tention to detail in terms of patient selection, indications 
for the procedure, and meticulous surgical technique are 
crucial. 



INDICATIONS FOR RELEASE 

When is a lateral retinacular release indicated? The lit- 
erature is replete with articles offering different criteria 
for release, and there seems to be little general consen- 
sus. ^”^^48-23,25-57 Poor indications and improper tech- 
nique of release may initially yield early satisfactory re- 
sults in 70% to 85% of patients, but their results tend 
to worsen with time. Reports have indicated that 
a positive apprehension sign with patellar subluxation, 
an increased Q angle, or anterior knee pain^^ are 
indications for lateral retinacular release. While the effi- 
cacy of lateral release in the treatment of resistant patel- 
lar pain without instability has been questioned,^ other 
studies have reported favorable results. ^^41,21,47,51,57 
Patients that displayed increased malalignment re- 
sponded less favorably to lateral retinacular release 
alone. Gecha and Torg^^ found that symptom evalu- 
ation, clinical diagnosis of recurrent subluxation or dis- 
location, and radiographic evaluation to be of no bene- 
fit in predicting the success of lateral retinacular release. 

Dzioba^^ did not find the Q angle to be a significant 
predictor of surgical outcome, whereas peripatellar pain 
upon knee extension, pain upon resisted flexion, a pos- 
itive apprehension sign, a positive lateral overhang 
noted on arthroscopic evaluation, and toughened lateral 
retinacular structures on surgical sectioning were good 
predictors of outcome. He believed that the single best 
predictor of success following lateral retinacular release 
was the finding of the patella reduced in the sulcus on 
the postoperative Merchant view x-ray. 

Kolowich et al^^ looked for factors involved in pa- 
tients with failed lateral release and determined specific 
objective criteria that would yield predictable, consistent 
results. They found that a lateral patellar tilt of less than 
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Figure 15.1. Lateral displacement of the patella by two quad- 
rants (excessive lateral overhang). 

5 degrees, patellar glides of less than two quadrants 
(Figs. 15.1 and 15.2) in either medial or lateral direc- 
tion, and an tubercle sulcus angle of less than 5 degrees 
predicted a more favorable result. They also found that 
patients who demonstrated patellar instability tended to 
do worse, and that the congruence angle as measured 
on x-ray does not reliably predict a successful outcome. 



HEMARTHROSIS 

Hemarthrosis is the most common complication of lat- 
eral release, regardless of the technique, 

15,16,18-20,22,23,25-27,29-32,35,40-42,47,52,57-60 jg 

most likely due to arterial bleeding from the lateral su- 
perior genicular artery or its branches, but can also oc- 
cur from the lateral inferior genicular artery. While the 
patella does have a richly anastomotic venous system, 
these vessels are rarely the cause of hemarthrosis. 

Patients usually present with a significant amount of 
swelling, redness, shiny skin, loss of motion and severe 
pain. Often the amount of pain is proportional to the 
amount of blood present in the joint. Attempts at aspi- 
ration, even with a large-bore needle, are often futile if 
the blood has coagulated. In severe cases, operative 
evacuation of the hematoma, or possible exploration 
and coagulation of the bleeding vessel, if it is discovered 
early in the postoperative period, should be performed. 

With regard to final functional results, Busch and 
DeHaven^^ reported that in none of their cases did a 
hemarthrosis or subcutaneous hematoma appear to be 
related to a long-term poor result. However, a signifi- 
cant hemarthrosis can lead to subsequent motion loss, 
reflex sympathetic dystrophy, or an infrapatellar con- 
tracture syndrome. In addition, its presence can inhibit 
the ability of the quadriceps, especially the vastus me- 
dialis obliquus, to generate a forceful contraction, there- 
fore significantly altering the ability to rehabilitate the 
patient. Although hemarthrosis is usually thought of 
as having only immediate postoperative morbidity, it has 
been shown to produce long-term sequelae and com- 
promise the final functional result by promoting syn- 
ovitis and scar tissue formation. 




Figure 15.2. A: Arthroscopic view of patella femoral relationship in a normal knee. B: Center of the patella rests over the lat- 
eral femoral condyle. Glide test of two quadrants in a chronic subluxating patella. 
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Postoperative hemarthrosis has been listed as a com- 
plication of lateral retinacular release, with frequency be- 
tween 7% and 42%,^’^^’^^ and Bray et aP found that 
release was always associated with some degree of 
hemarthrosis. No patient required aspiration, and the 
presence of hemarthrosis did not prevent early mobi- 
lization or physical therapy. They also found that 
hemarthrosis did not lead to significant scarring or fi- 
brosis of the incised retinaculum, and did not affect the 
final outcome. 

Small, in his prospective study, found that the use 
of a tourniquet was associated with a higher incidence 
of hemarthrosis. The complication rate when a tourni- 
quet was used was found to be 9.2%; without a tourni- 
quet it was 3.3%. This difference was statistically sig- 
nificant (p = .037). He offers as a possible explanation 
for this the inability to visualize many of the small reti- 
nacular vessels and the lateral superior genicular artery 
when the tourniquet is inflated. Coupens and Yates^^ 
also found a higher complication rate when tourniquet 
control was utilized. 

Performing the release subcutaneously under arthro- 
scopic control, as opposed to using a purely arthro- 
scopic method, is associated with an increased incidence 
of complications. The hemarthrosis rate is twice as high. 
The difference may be a result of the improved visual- 
ization of the incised retinacular vessels when performed 
arthroscopically as compared to the subcutaneous 
method. 

The use of electrocautery to perform the release did 
not appear to lower the incidence of hemarthrosis (Figs. 
15.3 and 15.4). The complication rate when electro- 
cautery was used to release the retinaculum was 8.6%; 
when some other instrument was used (knife, scissors. 




Figure 15.3. Usage of electrocautery in performing arthro- 
scopic lateral retinacular release in the right knee. Point of 
start is at the junction of the oblique fibers of the vastus lat- 
eralis and vertical fibers of the retinaculum. 




Figure 15.4. Another arthroscopic view of the lateral reti- 
naculum of the left knee. Note the different orientation of 
the vastus lateralis fibers of the retinaculum. Arrows point to 
junction. 



etc.) the complication rate was 6.3%. However, this dif- 
ference was not statistically significant.^^ 

The use of a postoperative suction drain for more 
than 24 hours was associated with a significantly higher 
incidence of hemarthrosis. Use of a drain for more than 
24 hours had a 13.4% complication rate, but if no drain 
was used, or it was used for less than 24 hours, the rate 
dropped to 2.4%. A possible explanation for this is that 
the pressure of the drain does not allow the bleeding 
vessels to tamponade off as the intraarticular pressure 
rises. 

Recommendations to minimize hemarthrosis follow- 
ing lateral retinacular release arthroscopically involve 
performing the procedure with attention to detail and 
ensuring that all bleeding vessels are cauterized at the 
end of the procedure. If the procedure is being per- 
formed under tourniquet control, at some point the 
tourniquet should be deflated and the borders of the re- 
lease should be explored for evidence of bleeding. 

INFRAPATELLAR CONTRACTURE 
SYNDROME/PATELLA BAJA 

Infrapatellar contracture syndrome (IPCS) is a condition 
similar to arthrofibrosis. This condition may occur as a 
result of scar tissue or adhesion formation between the 
patellar tendon and the tibia, causing shortening of the 
patellar tendon and increased force being applied to the 
patellofemoral joint. It occurs most commonly after har- 
vesting the patellar tendon for autograft for ligament re- 
constructions, but can occur following lateral re- 
lease^ (Fig. 15.5). Another possible mechanism may 
be as a result of aggressive release, especially if this 
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Figure 15.5. A: Infrapatellar contracture syndrome may develop after an aggressive release, which may include fibers of the 
vastus and around the superior pole of the patella. B: Drawing a line of reference (cut should end at the junction of the lateral 
retinacular and fibers of the vastus lateralis; beyond that would be aggressive release). This junction can easily be seen arthro- 
scopically. (See Figs. 15.7 and 15.8.) 



release curves around the patella superiorly. Because 
of force imbalance, aggressive release may cause the 
patella to rotate distally and toward the lateral side, caus- 
ing both incongruity of the patella in the trochlea and 
increased pressure. Postoperative tearing of the central 
quadriceps fibers due to trauma may also result in this 
deformity, with resulting weakness and loss of flexion. 
On exam the patient will exhibit diminished patellar 
mobility, decreased patellar tilt, decreased quadriceps 
strength and range of motion, distal patellar migration, 
and possible significant crepitus. Their diminished range 
of motion is due to a combination of loss of extension 
greater than 10 degrees, and loss of flexion greater than 
25 degrees. 

The “shelf sign,” as described by Paulos et al,^^ is 
demonstrated in patients with IPCS who have indura- 
tion that results in prominent anterior patellar structures. 
This syndrome is composed of three stages. Stage I is 
the prodromal stage, which is manifested by diffuse 
edema, diminished patellar mobility, and the patient’s 
failure to progress with rehabilitation. This occurs in the 
first 2 to 8 weeks. Treatment involves early range of 
motion, patellar mobilization, nonsteroidal antiinflam- 
matory drugs (NSAIDs), analgesics, and the judicious use 



of a drop-out cast. It is imperative that the patient re- 
gain good voluntary quadriceps contractions. Stage II is 
the active stage, presenting with significant quadriceps 
atrophy, worsening patellar mobility, and a positive shelf 
sign. This occurs at 6 to 20 weeks postoperation. Treat- 
ment is usually surgical, with the main goal being 
achievement of terminal extension. Surgical intervention 
may need to be delayed until the inflammation is de- 
creased and voluntary quadriceps contraction is demon- 
strated. Surgery involves a lateral arthrotomy and re- 
lease, and extensive debridement of the hypertrophied 
tissues and all the intraarticular adhesions from the lat- 
eral gutters, notch, and the suprapatellar pouch. Ar- 
throscopy and manipulation alone may give good re- 
sults as long as there are no extraarticular adhesions. 
Otherwise, open debridement is indicated. Postopera- 
tive treatment involves aggressive physical therapy to at- 
tain voluntary quadriceps contraction, continuous pas- 
sive motion machine, and nighttime use of a drop-out 
cast. As reported, the average amount of improvement 
of range of motion is 45 degrees. Most patients 
will be left with some residual patellofemoral arthrosis. 
Stage III is the residual stage, in which the patient 
demonstrates patella baja and significant patellofemoral 
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arthrosis. It may be necessary to perform salvage pro- 
cedures such as a Maquet procedure, proximal tibial tu- 
bercle advancement, total knee arthroplasty, or patel- 
lectomy. 

Prevention of IPCS is possible with early weight bear- 
ing, early aggressive range of motion (especially exten- 
sion), patellar mobilization exercises, and a functional 
closed-chain rehabilitation program. 

Treatment of this complication may be difficult or im- 
possible to correct, as secondary contracting of 
the infrapatellar tendon often results following debride- 
ment. If the deformity is a result of excessive release or 
subsequent trauma of the quadriceps, the defect should 
be repaired. 

QUADRICEPS TENDON RUPTURE 

The extent and direction of the lateral release proximally 
can predispose the patient to complications.^^ Many 
techniques recommend releasing the vastus lateralis in- 
sertion, which necessitates extending the release proxi- 
mally for 6 to 8 cm along the medial border of the mus- 
culotendinous junction. As a result, the patient 
can experience patellar hypermobility, medial patellar 
subluxation, significant quadriceps weakness, and quad- 
riceps tendon rupture. Blaiser and 
Ciullo^^ reported on a case in which the patient sus- 
tained a quadriceps tendon rupture following an arthro- 
scopic lateral release in which incidental injury occurred 
to the extensor mechanism proximal to the patella. 

Complete detachment of the vastus lateralis may re- 
sult in significant quadriceps weakness and medial patel- 
lar subluxation. In a study looking at 54 patients 
who failed to improve following lateral retinacular re- 
lease and whose symptoms worsened, Hughston and 
Deese^^ found that 50% of the knees exhibited medial 
subluxation with retraction of the vastus lateralis, sig- 
nificant atrophy, and a visible void at the patellar in- 
sertion site. Computed tomography (CT) scans con- 
firmed this. 

QUADRICEPS INSUFFICIENCY 

Quadriceps insufficiency or weakness can occur as a re- 
sult of excessive release of the vastus lateralis. 

This can be a serious complication, as the patients of- 
ten feel that the leg is worse off than before the release. 
They may present with complaints of persistent weak- 
ness, which may manifest as buckling or giving way, and 
anterior knee pain. On examination, they may display 
a defect in the vastus lateralis extending proximal to the 
patella or curving around the superior pole of the patella 
toward the midline. Hughston and Deese^^ have re- 



ported on findings of atrophy and retraction of the vas- 
tus lateralis muscle on examination. On passive patellar 
tilt, patients demonstrate a tilt of greater than 90 de- 
grees. They have significant quadriceps weakness, es- 
pecially with eccentric contractions, and may be resis- 
tant to improvement with rehabilitation. 

Treatment for this difficult problem may require re- 
pair or reconstruction of the vastus lateralis tendon. In 
a retrospective study, Kolowich et al"^^ reported on 16 
knees that required vastus lateralis repair for excessive 
release of the lateral structures. All patients displayed 
persistent quadriceps weakness with associated patellar 
pain. Metcalf reported that residual quadriceps weak- 
ness was the most important factor in those patients 
who had a fair or poor result. Simpson and Barrett^^ 
reported on 26 of 55 knees that underwent lateral re- 
lease and demonstrated quadriceps strength of only poor 
to fair at 24 to 56 months postoperation. They attrib- 
uted this finding to incomplete rehabilitation. It was sug- 
gested by Marumoto et al^^ that the real cause of the 
poor quadriceps function may have been a “surgically 
defuctionalized vastus lateralis muscle.” 

MEDIAL SUBLUXATION 

This complication can also occur following overly ag- 
gressive or extensive lateral release (Fig. 15.6), but more 
commonly occurs with improper patient selection. The 
patient in whom this complication would occur exhibits 
mild lateral subluxation on x-ray, but has hypermobility 
or patella alta on physical exam. This complication 
should be avoidable by close attention to detail with the 
physical examination. 




Figure 1 5.6. Post-lateral release medialization of the patella. 
This condition should be recognized quickly and treated 
promptly to prevent medial patellar facet arthrosis develop- 
ment. 
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When the complication does occur, patients often 
present with quadriceps weakness, complaints of medial 
sided patellar pain, and a feeling of instability.^^ They 
may even dislocate medially. Kolowich et al^^ reported 
on three patients who had quadriceps weakness and 
experienced recurrent medial dislocation. In a larger 
group, most of 16 patients who went on to require vas- 
tus lateralis repair demonstrated medial subluxation at 
examination, with increased patellar tilt of 80 degrees 
or more. Normally the Merchant view x-ray confirms 
medialization of the patella (Fig. 15.6). Upon recogni- 
tion of this problem, surgical repair of the quadriceps 
defect may restore function and rectify the problem. 
However, if it is not treated quickly, significant medial 
patellofemoral facet arthrosis may occur. 

Using kinematic magnetic resonance imaging, Shel- 
lock et al^^ demonstrated medial subluxation in 63% 
of patients studied for persistent symptoms following 
lateral release. Hypermobility of the patella following lat- 
eral release has been demonstrated, with both medial 
and lateral subluxation and even dislocation occur- 
ring. This results following release of the lat- 
eral patellofemoral restraints in a patient who already 
demonstrates absent medial restraints. Preoperative as- 
sessment should prevent this complication from occur- 
ring. A patient who has an increased patellar glide or a 
hypermobile patella will be predisposed to this compli- 
cation, and surgical treatment should be avoided, if at 
all possible. If it is necessary, the patient will probably 
also require a medial plication, and possibly even a dis- 
tal realignment procedure, if examination warrants. 



THERMAL INJURY 

Lord et al^^ reported on three cases in which a skin burn 
occurred following lateral retinacular release performed 
using an intraarticular approach and electrocautery. In 
their analysis they were unable to determine whether the 
thermal injuries were caused by technical error or were 
inherent to the use of electrocautery. In another report, 
McGuire^^ discussed two patients who had arthroscopic 
lateral retinacular releases performed by electrocautery, 
who subsequently developed peeling of the skin in the 
overlying area. Whereas he attributed this complication 
to the epinephrine in the local anesthetic, it is quite pos- 
sible that it was due to thermal injury. 

It would seem reasonable that this complication could 
be avoided by close attention to the amount of tissue 
being incised and the depth of the cautery tip during 
the lateral release. Only the synovium and lateral reti- 
naculum should be transected (Figs. 15.7 and 15.8). 
Avoid cutting into the adipose layer, as this can lead to 
either partial- or full-thickness burns. Also, caution 




Figure 15.7. Usage of electrocautery in lateral retinacular re- 
lease should be done carefully and release should be per- 
formed layer by layer and include only the synovium and the 
retinacular fibers. Subcutaneous tissues should not be vio- 
lated. Note the thickness of the retinacular fibers and syn- 
ovium layers (arrows). Subcutaneous tissues are at the depth 
of the opening (small arrow). 

must be exercised when releasing interiorly in the re- 
gion of the lateral infrapatellar portal, so as to avoid 
thermal injury there, because the thickness of the reti- 
naculum and overlying adipose tissue decreases. Other 
means of avoiding this injury include using nonconduc- 
tive fluid such as glycine or glycerol, using an imped- 
ance-matched isolated current generator, using a ca- 
pacitive-coupled dispersive grounding pad, using an 
electrocautery instrument that is insulated except for the 




Figure 15.8. Use of holmium laser in performing the lateral 
retinacular release. Advantage is reduction of postoperative 
bleeding/hemarthrosis and disadvantage is deep penetration 
and formation of postoperative soft tissue hemarthrosis. 
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very tip, and using the lowest setting on the generator 
necessary to effectively transect the tissue. 

INFECTION 

This is a potential complication that can occur with any 
surgical procedure, and its sequelae can be devastating. 
Fortunately, this complication does not occur often and 
should be easily avoided by adhering to sterile technique, 
even without the use of prophylactic antibiotics. The 
surgeon should always maintain a high level of suspi- 
cion for a postoperative infection. If the patient presents 
with swelling, erythema, increased warmth, pain, or 
fever, the joint should be immediately aspirated and the 
fluid sent for Gram stain, culture, and sensitivity. At the 
same time, a complete blood count with differential and 
Westergren erythrocyte sedimentation rate should be 
obtained. Following aspiration, antibiotic therapy should 
be started. If the cultures come back positive, early irri- 
gation and debridement of the joint by either arthro- 
scopic or open methods is indicated, followed by a full 
course of parenteral antibiotics. 

PULMONARY EMBOLUS/DEEP 
VENOUS THROMBOSIS 

Deep venous thrombosis following lateral retinacular re- 
lease is a known complication. As with 
any type of surgery, one must maintain a high level of 
suspicion for this problem and treat it promptly. With 
treatment, further significant sequelae can usually be 
avoided. In a study by Bray et al,^ in which they re- 
ported a 4% complication rate in 50 knees following 
lateral retinacular release, they had one patient present 
at 5 days postoperation with a pulmonary embolus and 
signs of deep venous thrombosis. 

Busch and DeHaven^^ reported on 80 knees that un- 
derwent lateral retinacular release; two developed su- 
perficial thrombophlebitis, and one developed deep ve- 
nous thrombosis. 

REFLEX SYMPATHETIC DYSTROPHY 

Reflex sympathetic dystrophy (RSD) can be a devastat- 
ing problem after any type of injury or surgical proce- 
dure, not just following lateral retinacular release. For- 
tunately, it is an infrequent complication of knee 
surgery^’^’^^’^^’^^’^^’^^ but it has been especially noted 
to occur following patellofemoral surgery. In a series of 
14 patients who developed RSD, 11 had surgery on the 
patellofemoral joint as the precipitating factor (lateral re- 
lease, realignment procedure, chondral shaving). In 



Complications and Pitfalls in Lateral Retinacular Release 167 

another series of patients who developed RSD, 64% 
had surgery or injury to the patellofemoral joint. These 
patients usually complain of pain out of proportion to 
their injury or surgical procedure. Following lateral re- 
lease, the pain, which is persistent and sometimes burn- 
ing in quality, may be localized to the anterior aspect of 
the knee or it may radiate throughout the leg. In the 
early stages, the skin temperature may be increased, 
with erythema that blanches to the touch. The skin is 
often shiny and dry (hyperhidrosis). Range of motion 
may be impaired, and the patient will frequently be un- 
able to bear weight. In RSD’s early stages, a triple-phase 
bone scan may be helpful to collaborate the diagnosis. 
In the later stages, diffuse osteopenia may be noted on 
x-ray. Clinical response to sympathetic lumbar blockade 
may also help to confirm the diagnosis. To give 
maximally effective treatment, it is imperative to start 
early. Treatment for this complication should involve a 
pain management team using a multifactorial approach 
to the problem. Analgesics and sympatholytic medica- 
tions, liberal use of NSAIDs, aggressive early supervised 
physical therapy for mobilization of the joint, and the 
possible use of epidural or sympathetic nerve blocks are 
the mainstays of treatment. Good results have been re- 
ported with the use of continuous epidural anesthesia 
in conjunction with manipulation, continuous passive 
motion machines, and electrical stimulation. Occasion- 
ally, surgical sympathectomy may be indicated. 

When clinical findings suggest RSD of the knee and 
symptoms have been present for less than 6 weeks, it 
has been recommended that a trial of NSAIDs, gentle 
pain-free physical therapy to increase motion and 
modalities, and progressive weight bearing be tried. If 
there is no relief of pain or no increase in motion, or 
if symptoms suggesting RSD have clearly been present 
for more than 6 weeks and are progressing, then diag- 
nostic sympathetic block is recommended.^^ 

Epidural blockade has several advantages over sym- 
pathetic blockade. While a sympathetic block may re- 
lieve the pain initially, when the stiff joint is aggressively 
mobilized the pain usually returns, and the pain cycle is 
reconstituted. Epidural blockade allows pain-free mobi- 
lization because it blocks sympathetic pain fibers as well 
as somatic pain fibers. Also, a continuous in-dwelling 
epidural catheter can be used. Patients who have early 
diagnosis and prompt treatment should have a better 
chance of successful outcome. 



FLUID EXTRAVASATION AND 
COMPARTMENT SYNDROME 

While this complication is not unique to arthroscopic 
lateral retinacular release, it can occur with any arthro- 
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scopic procedure and could conceivably occur with 
greater frequency considering the large capsular defect 
created by transecting the retinaculum. Interestingly 
enough, compartment syndrome was not even men- 
tioned as a complication in the articles written by 
Small^"^’^^’^^’^^ that reported on complications of ar- 
throscopic procedures. Evans and Paulos^^ reported this 
complication only in conjunction with a distal realign- 
ment procedure in patellofemoral joint surgery. There- 
fore, it seems reasonable to assume that this is a rare 
entity. One possible explanation for this is that when 
lateral retinacular release is performed in conjunction 
with other arthroscopic procedures, it is usually the last 
procedure performed, followed by obtaining hemosta- 
sis, and then the surgery is terminated. Therefore, the 
capsular defect is not subjected to increased hydrostatic 
pressures for any significant amount of time.^^ 

In the literature, there have been reports of com- 
partment syndrome developing following simple knee 
arthroscopy. In a cadaveric animal study. Peek and 
Haynes^ ^ they documented that the presence of a cap- 
sular defect caused compartment pressures to be ele- 
vated 80 mm above normal. In the normal limb with- 
out a capsular defect, the pressure elevation caused by 
saline extravasation returned to normal levels within 15 
minutes of releasing the tourniquet. However, in the 
limbs with the capsular defect, this compartment pres- 
sure remained above 40 mm Hg tor at least 8 hours 
following release of the tourniquet, with resultant mus- 
cular death as noted on histologic studies. Their results 
indicate that extravasations of fluid in the face of a cap- 
sular tear can cause a compartment syndrome and tis- 
sue death. 

Noyes and Spievack^^ reported on fluid dissection 
that occurred following flexion of the knee, which was 
distended for the purpose of arthroscopy. This condi- 
tion was noted clinically on four occasions in 300 cases. 
There was rapid resolution of the condition following 
release of the tourniquet. They reported that intraartic- 
ular fluid can dissect via the path of the semimembra- 
nosus bursa, beneath the pes anserinus, and into the 
calf muscles, even with an intact knee capsule. 

Prevention of this complication involves having a high 
level of clinical suspicion and monitoring the size and 
amount of swelling in the limb both intraoperatively and 
postoperatively. If the condition is suspected, the proper 
course of action includes immediate termination of the 
procedure and discontinuation of fluid inflow, followed 
by the evacuation of as much fluid from the joint as pos- 
sible. If a tourniquet is being used, it should be deflated. 
This will normally result in decrease of the compartment 
pressure. If it does not and the muscular compartment 
remains firm, compartment pressure measurements 



should be performed, followed by fasciotomy when 
indicated. 

ARTHROFIBROSIS AND JOINT STIFFNESS 

Of 43 failed lateral retinacular releases, Kolowich et al^^ 
reported on four patients who developed arthrofibrosis 
and required manipulation under anesthesia. This com- 
plication can be associated with RSD.^^ Sherman et al^ 
reported on a patient in their series who required a sec- 
ond arthroscopic procedure following lateral retinacular 
release for lysis of adhesions that had formed in the lat- 
eral gutter and the suprapatellar pouch. They reported 
no loss of motion at follow-up. 

CHRONIC SYNOVIAL SINUS 
AND WOUND HEALING 

Kolowich et al"^^ reported on 43 patients who failed lat- 
eral retinacular release, one of whom required excision 
of a chronic sinus tract. Many patients can develop a 
significant and persistent effusion following lateral reti- 
nacular release, which can facilitate formation of a 
chronic draining synovial sinus if they encounter prob- 
lems with wound healing. 

CONCLUSION 

To avoid complications in performing lateral retinacular 
release, patient selection, meticulous attention to detail, 
and disciplined postoperative care and rehabilitation are 
necessary. 
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Chapter 16 



Complications and Pitfalls in Proximal 
Realignment Procedures 



Alexander Kalenak and Gregory A. Hanks 



T he complications of proximal realignment surgery 
for patellofemoral disorders are as follows: 

1. Bleeding/hematoma 

2. Skin/subcutaneous tissue (disfigurement and con- 
tracture) 

3. Infection (superficial, deep, joint) 

4. Pain 

5. Lateral tilt 

6. Lateral subluxation 

7. Medial subluxation 

8. Arthrofibrosis 

9. Weakness/atrophy 

10. Reflex sympathetic dystrophy 

These complications can occur intraoperatively, peri- 
operatively, or postoperatively. 

PREVENTION AND SALVAGE/TREATMENT 
OF INTRAOPERATIVE COMPLICATIONS 

Bleeding/Hematoma 

The complication of intraoperative bleeding is best ad- 
dressed by the prevention of bleeding, provided a co- 
agulopathy does not exist that would preclude a surgi- 
cal procedure. Clamping and tying or electrocoagulation 
of all bleeders intraoperatively and paying attention to 
meticulous surgical technique (dissection in avascular tis- 
sue planes), will go a long way in preventing perioper- 
ative or postoperative bleeding. Consideration should be 
given to not using a tourniquet at all. This helps in iden- 



tifying all bleeding points intraoperatively and would, in 
addition, be an aid in assessing the realignment proce- 
dure in a dynamic way. An inflated tourniquet, rigid and 
tight and constricting, will affect the excursion of the 
quadriceps and hamstring mechanisms, and therefore 
may be an inhibiting factor in patellofemoral excursion. 
Regardless of the anesthesia (general or regional), this 
inhibiting factor may give an inaccurate picture of 
patellofemoral excursions proximally/distally as well as 
medially/laterally . 

Iatrogenic Trauma 

Scuffing of the articular cartilage can be minimized by 
attention to detail when handling the arthroscope and 
the operating instruments. 

Patella Positioning 

Undercorrection or overcorrection can be prevented by 
assessing the active and passive excursions of the patella 
preoperatively and intraoperatively. Assessment of 
tracking, under general anesthesia, gives an indication 
of patella excursions in the passive mode. A second 
method of assessing the excursions of the patella dy- 
namically requires active and volitional quadriceps and 
hamstring activity. To have volitional control of quadri- 
ceps and hamstring activity, it is necessary to perform 
the surgery under epidural anesthesia, which selectively 
provides pain relief but permits motor activity. Follow- 
ing lateral retinacular release, the patient should actively 
flex and extend the knee. The surgeon should observe 
dynamically the excursion of the patella proximally/ 
distally and medially/laterally. The same observation 
should be made following the vastus medialis advance- 
ment. Comparison should be made with the preopera- 
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tive patella excursion to determine whether or not there 
is undercorrection or overcorrection. 

In reality, however, it is very difficult to assess intra- 
operatively the accuracy of the realignment by either of 
the above methods. Thus, under most circumstances, 
one empirically does the lateral release followed by the 
vastus medialis obliquus (VMO) advancement and arbi- 
trarily assesses the patella tracking. The goal is to re- 
store appropriate soft tissue tension and anatomic 
patella tracking. The dynamic role of the musculature 
plays a crucial role in the ultimate result and may, in 
fact, be a more important factor in the repair or re- 
alignment itself. 

Lateral Retinacular Release 

Arthroscopic lateral release and open lateral release are 
both acceptable methods of releasing the lateral reti- 
naculum (see Chapter 15). 

Vastus Medialis Obliquus Advancement 

The vastus medialis advancement is typically done by 
mobilizing the VMO and advancing it over the patella 
approximately one-third to one-half the width/length of 
the patella from the superior medial margin to the cen- 
tral one-third of the patella. Meticulous surgical tech- 
nique is required for success of the advancement. The 
plane between the deep fascia of the VMO and the joint 
capsule/synovium need not be violated in order to per- 
form the advancement procedure. Nonabsorbable su- 
tures (three or four are typically used to provide ade- 
quate fixation of the advanced VMO (Fig. 16.1). Large 
knots over the patella are sometimes symptomatic and 
require late surgical excision. Thus, sutures are placed 
so that the knots are tied into the soft tissue on the 
VMO side or to the periosteum at the margin of the 
patella. Directly over the patella, the suture should be 
placed in such a manner that the knot is buried between 
the advanced VMO and the periosteum of the patella. 

The Insall VMO technique is another method of prox- 
imal realignment that has been successful and is an ac- 
ceptable alternative to the VMO advancement described 
above^ (Fig. 16.2). 

PREVENTION AND SALVAGE/TREATMENT 
OF PERIOPERATIVE COMPLICATIONS 

The perioperative complications include bleeding/ 
hematoma, infection, and swelling and pain. 

Bleeding/Hematoma 

The complication of bleeding is usually due to inade- 
quate hemostasis. The use of the tourniquet prevents 




Figure 16.1. Vastus medialis obliquus (VMO) advancement 
at least one-half of the oblique diameter of the patella, an- 
choring the VMO to the medial retinaculum and to the pe- 
riosteum on the anterior aspect of the patella but not to the 
lateral retinaculum tissue. 



intraoperative bleeding but the prevention of perioper- 
ative bleeding requires adequent hemostasis during the 
procedure. Deflating the tourniquet, clamping and ty- 
ing, or electrocoagulating all bleeding points prior to clo- 
sure ensures adequate hemostatis. Continuous applica- 
tion of ice or the continuous use of a commercial cooling 
apparatus may be helpful in minimizing bleeding as well 
as in the alleviation of pain. 

The complication of postoperative infection can be 
eliminated or minimized by preoperative intravenous an- 
tibiotics. One dose preoperatively and postoperatively 
every 8 hours for 3 doses is a typical regime. 

Infection 

Infection occurs as a complication most often two to 
five days following the date of the index surgical pro- 
cedure. Administration of IV antibiotics such as Cepha- 
zolon in the intraoperative and immediate postoperative 
period will most often prevent infection. One gram of 
IV Cephazolon q 8 h during the 24 hour period im- 
mediately following the index operative procedure is usu- 
ally sufficient to prevent infection at the operative site. 
Onset of fever, chills, and other signs of infection re- 
quire that the joint be aspirated and sent for gram stain 
as well as culture and sensitivity. Blood cultures should 
be taken should the temperature spike. Confirmation of 
an infection in the joint requires immediate arthroscopic 
irrigation or open irrigation. IV antibiotic therapy often 
requires administration for a 6-week period. 




Figure 16.2. Proximal soft tissue alignment as ad- 
vocated by Insall et al."^ A: A medial incision mobi- 
lizes the vastus medialis and sizes the remainder of 
the capsule down to the proximal tibial metaphysis 
adjacent to the patella tendon. A lateral retinacular 
release is performed well proximally into the vastus 
lateralis, inserting into the quadriceps mechanism. 

B: Mobilization of the medial flap of the entire 
length of the medial retinacular incision. C: Ad- 
vancement of the vastus medialis obliquus and the 
medial capsule over the quadriceps tendon, patella, 
and patella tendon at least one-half the width of the 
patella and one-half the width of the quadriceps ten- 
don and patella tendon. The lateral retinacular re- 
lease opening is widened. D: The medial edge of the 
lateral retinacular release incision sutured to the su- 
ture line of the advanced vastus medialis obliquus 
and medial capsular tissue. 
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Signs of systemic infectious illness and local infectious 
processes such as fasciculitis, carbuncles, or furuncles 
are absolute contraindications for performing a surgical 
procedure. 

Swelling and Pain 

The swelling that eventually ensues postoperatively can 
be successfully treated by cryotherapy. Ice applications 
should be continuous rather than intermittent. Applying 
ice for 20 minutes every hour or every 2 hours permits 
bleeding and swelling to occur between ice applications. 
It is strongly recommended that the ice be applied con- 
tinuously. The ice bag should be changed as soon as ice 
melts. The alternative is to use a cooling apparatus that 
applies continuous cold via a circulating fluid system. 

Management of pain can be successfully addressed 
by the use of preemptive anesthesia.^ Instillation of lo- 
cal anesthetic into the skin prior to the incision blocks 
afferent pain pathways at the skin and has been shown 
to be a significant factor in reducing postoperative pain.^ 
Following closure, Duramorph is injected into the joint 
(5 mg intraarticularly). A mixture of Xylocaine/Marcaine 
into the incision and subcutaneous tissue after closure 
helps to provide postoperative analgesia. The use of 
Toradol intravenously in the perioperative period fol- 
lowed by 10 mg of Toradol four times a day postoper- 
atively also helps to alleviate pain by reducing swelling 
and the inflammatory response. Oral analgesic medica- 
tion in the form of Tylox or Vicodin is typically used in 
alleviating pain. The use of such analgesics may be min- 
imized by the above pain-relieving regimen. 

PREVENTION AND SALVAGE/TREATMENT 
OF LATE POSTOPERATIVE 
COMPLICATIONS 

The complications in the late postoperative period in- 
clude the following: 

1. Pain 

2. Patella malpositioning 

3. Arthrofibrosis 

4. Atrophy, paresis 

5. Reflex sympathetic dystrophy 

6. Patient selection 

Pain 

The complication of pain can generally be addressed by 
the previously mentioned modalities of treatment in- 
cluding preemptive anesthesia, ice, intraarticular Du- 
ramorph, and injections of anesthetic medication into 



the incision area at closure. Transcutaneous electrical 
nerve stimulation (TENS) applied to the skin in the op- 
erative area can help to relieve pain. Ultrasound, ion- 
tophoresis, and phonophoresis in physical therapy are 
modalities that can relieve pain. Nonsteroidal antiin- 
flammatory medication, as well as intraarticular injec- 
tion of steroids for the inflammatory response, may also 
help to relieve the pain. 

Patella Malpositioning 

The recurrence of lateral tilt and lateral subluxation are 
mechanical complications that may be prevented or min- 
imized by early patella mobilization techniques. The pa- 
tient can be taught these techniques and can start patella 
mobilization as early as pain will permit, optimally within 
24 hours. This can be aided by the help of the physi- 
cal therapist or athletic trainer. In addition to patella mo- 
bilization of almost equal importance is strengthening of 
the VMO, which helps to pull the patella cephalad and 
medially. Following the patella mobilization exercises 
and the strengthening of the VMO exercises, the wear- 
ing of a sleeve with a lateral buttress, which pushes the 
patella from the lateral to the medial direction, would 
also be helpful. A lateral buttress should be applied as 
soon as possible in the postoperative period, but sore- 
ness and swelling in the incision area and in the area 
of the lateral retinacular release definitely may be a 
hindering factor in its application in the perioperative 
period or late postoperative period. Prevention of con- 
tracture of the lateral retinaculum is of utmost impor- 
tance in recurrence of tilt and subluxation. 

It is almost self-evident that the prevention of lateral 
lilt and lateral subluxation first can be minimized or elim- 
inated by observation of the tracking at surgery. Intra- 
operative assessment of patellofemoral excursion prior 
to and following the lateral releaseA/MO advancement 
is strongly suggested, in order to determine the degree 
of correction. It is recommended this observation be per- 
formed under selective epidural anesthesia that spares 
motor function but anesthetizes sensation. Alterna- 
tively, stimulating the quadriceps mechanism (femoral 
nerve stimulation) while the patient is under a general 
anesthetic is another way of assessing the patella ex- 
cursions but is probably less dynamically representative 
of what happens to the patellofemoral mechanism when 
the patient is awake and actively using the knee. 

Medial subluxation is a complication that is due to 
excessive tightening or advancement of the VMO. Pre- 
ventative measures include intraoperative observation 
during passive range of motion and/or active/dynamic 
range of motion. Salvage procedures require repeat sur- 
gical intervention to reposition the VMO or possibly a 
distal realignment of the patellofemoral mechanism. 
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Arthrofibrosis 

Arthrofibrosis is an overreaction of a normal healing 
mechanism. It is a response of the tissues to a surgical 
trauma that results in an abundance of scar tissue or fi- 
brous tissue formation within the joint especially around 
the patellofemoral mechanism, fat pad, and patellar ten- 
don. Early physical therapy (within 24 hours) to include 
passive range of motion and patellofemoral mobilization 
is mandatory to preclude the detrimental effects of 
arthrofibrosis and can be quite successful if followed on 
a daily regime. Nonsteroidal antiinflammatory medica- 
tion in the form of Toradol immediately postoperatively 
following by other nonsteroidal antiinflammatory med- 
ication is recommended. Intraarticular steroid injection 
is another consideration in the postoperative period. 
Again, applications of ice 24 hours a day immediately 
postoperatively and even into the late postoperative pe- 
riod is strongly recommended. As long as swelling ex- 
ists and there is limitation of motion, it is imperative 
that ice be applied to minimize additional swelling and 
additional fibrosis formation. 

Atrophy, Paresis 

Quadriceps weakness and atrophy is one of the more 
difficult problems to prevent or treat. A portion of the 
etiology of the condition is frequently related to quadri- 
ceps A/MO weakness, and this is probably compounded 
due to the atrophy produced after surgery. Prompt ini- 
tiation of isometric contractions, leg lifting exercises, and 
physical therapy is important for successful treatment. 
The patient should be counseled about the importance 
of the rehabilitation. Poorly motivated patients do 
poorly. Counseling and wisdom in preoperative patient 
selection is crucial to the success of patellofemoral- 
surgical procedures. 

Reflex Sympathetic Dystrophy 

Reflex sympathetic dystrophy is a dreaded complication 
that fortunately occurs infrequently. Pain is a prominent 
symptom along with other neurovascular and muscu- 
loskeletal manifestations. Active range of motion, pro- 
gressive resistive exercises, and nonimpact aerobic ac- 
tivity are helpful in maintaining range of motion and 
strength. Nonsteroidal antiinflammatory medication is 
recommended. Nerve blocks may be helpful in the early 
phases of the disorder. Counseling, biofeedback, and re- 



ferral to a pain management service are strongly rec- 
ommended. Persistence in all the above methods and 
modalities of treatment is the key to coping with and 
overcoming this complication. 

Patient Selection 

Patient selection and indications are other factors in de- 
termining complications. Patients with a significant 
amount of arthrosis are probably not good candidates 
for proximal realignment, as postoperative pain is likely 
to persist. These patients should be considered candi- 
dates for distal tibial tubercle procedures, which elevate 
as well as realign the patella mechanism. 

The need for immediate cryotherapy and immediate 
patellofemoral mobilization in physical therapy is para- 
mount for the success of these procedures. The patient 
must understand the rationale for early range of motion 
and patellofemoral mobilization and must cooperate for 
the operation to be successful. The uncooperative pa- 
tient who is unwilling to participate in a strict patello- 
femoral rehabilitation regime and follow appropriate in- 
structions is most likely to find the procedure a failure. 
Arthrofibrosis and all the above complications of the 
patellofemoral mechanism are more likely to occur. 
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Chapter 17 



Complications and Pitfalls in Tibial Tubercle 
Osteotomy Associated with Distal Extensor 
Mechanism Realignment 



O steotomy of the tibial tubercle is a surgical tac- 
tic that should be reserved for the treatment of 
symptomatic instability, arthritic deterioration 
of the patellofemoral articulation, or extensile exposure. 
This chapter primarily addresses reported complications 
resulting from surgery for the first two indications as 
components of distal extensor mechanism realignments, 
although there can be carryover to the third indication. 
Although they are technically straightforward, proce- 
dures for tubercle osteotomy demand a thorough un- 
derstanding of the regional anatomy, treatment goals, 
precise execution of the osteotomy, and fixation for a 
successful outcome. An outline of problems encountered 
with tibial tubercle osteotomies lists complications in 
broad groups (Table 17.1). 

SURGICAL ANATOMY 

The tibial tubercle is erroneously thought of as the sole 
insertion point of the extensor mechanism on the prox- 
imal tibia. This misconception alone accounts for many 
complications. A more in-depth understanding of the 
anatomy of this region can help to avert many of these 
complications. 

The term extensor is a misnomer. The extensor 
mechanism functions as an eccentric decelerator during 
walking, running, descending stairs or inclines, landing, 
or slowing of one’s momentum. This fact has implica- 
tions not only for surgery but for rehabilitation after in- 
jury or surgery, as well. 

The extensor mechanism proper is a broad aponeu- 
rosis of connective tissue constituting the medial and lat- 
eral anterior thirds of the knee’s capsular ligaments 
(commonly termed retinacular ligaments or retinacu- 
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lum). The patella, the largest sesamoid of the body, is 
contained in the center of this aponeurosis. The quadri- 
ceps comprises six heads: the rectus femoris, the vas- 
tus lateralis, the vastus lateralis obliquus, the vastus me- 
dialis, the vastus medialis obliquus, and the vastus 
intermedius. This group of muscles furnishes a direct 
motor input to the patella, providing both power (all 
heads), positioning (vastus lateralis, vastus medialis, vas- 
tus medialis obliquus), and proprioceptive functions (rec- 
tus femoris). More proximal muscles act through the il- 
iopatellar band along with the short head of the biceps 
femoris muscle laterally and semimembranosus medially 
to modulate the action of the quadriceps. These ham- 
string muscles modulate action in two ways: they serve 
as antagonists to the quadriceps contraction (along with 
other hamstring muscles that insert more directly on the 
tibia), and they adjust tension in the lower retinaculum. 
Inherent in the latter action is a likely, but as yet un- 
proven, proprioceptive function. 

The more distal region of the extensor mechanism is 
an area of great concern from the standpoint of surgi- 
cal anatomy. Pivotal to avoiding problems in this area 
is the surgeon’s ability to appreciate the extensor mech- 
anism’s insertion points on the tibia and their relation- 
ship to, i.e., their distance from, the tibial articular rim. 
The patellar tendon is a continuum of the quadriceps 
tendon from the patella to the tibial tubercle. This in- 
sertion is fully 2 to 3 cm distal to the articular rim. Deep 
to the patellar tendon is the infrapatellar bursa (Fig. 
17.1) and an interiorly projecting tongue of the infra- 
patellar fat pad, which is contained within the bursa. 
These structures separate the deep surface of the ten- 
don from the underlying bone.^’^ Thus, at the most an- 
terior point the extensor mechanism attaches well dis- 
tal to the articular rim. Because of this orientation, when 
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Table 17.1. Categorical grouping of complications 
associated with tibial tubercle osteotomy 

Improper indications 
Failure to accomplish goals 
Failure to correct luxation 
Failure to unload the patellofemoral articulation 
Iatrogenic anatomic derangements 
Infrapatellar bursa and retinaculum scarring 
Patella baja 
Genu recurvatum 
Distal migration of the tubercle 
Fat pad fibrosis 

Postsurgical complications (local) 

Infection 

Hematoma 

Failure of fixation and graft displacement 
Nonunion 

Patellar tendon rupture 
Fracture 
Skin slough 
Progressive arthrosis 

Osteotomy in the presence of total knee components 
Donor-site morbidity 
Postsurgical complications (distant) 

Compartment syndrome 
Reflex sympathetic dystrophy 
Deep venous thrombosis 
Neurovascular compromise 
Rehabilitation 



the quadriceps contracts, resolution of force vectors pro- 
vides for some of the power of the contraction to be 
translated into a direct axial load. The load is dispersed 
over the full weight-bearing surface of the tibiofemoral 
joint (Fig. 17.2). This phenomenon has great relevance 
to tibiofemoral stability. The medial and lateral middle 
third capsular ligaments insert on the tibia at a point 
only 0.5 to 1.0 cm from the articular rim. From their 
most anterior edge, however, the retinacular ligaments’ 
point of insertion follows a line from the insertion point 
of the patellar tendon to the insertion point of the me- 
dial middle third capsular ligaments (Fig. 17.3). Like- 
wise, the space deep to the retinaculum is not adherent 
to the underlying bone. 

Failure to appreciate these relationships could cause 
the surgeon to create incisions that generate scar tissue. 
Scar tissue can obliterate the bursa and cause the distal 
extensor mechanism to adhere to underlying bone as 
far proximal as the articular rim. When this occurs, the 
patella is pulled distally creating a patella baja, and its 
inferior pole tilts inward toward the femoral inter- 
condylar notch (Fig. 17.4). The pull of the quadriceps 
is now exerted nearer the articular rim, focusing tibio- 
femoral pressures in a much smaller area along the an- 




Figure 17.1. The deep infrapatellar bursa. Insertion of the 
patellar tendon is several centimeters distal to the articular 
rim. A “tongue” of the fat pad hangs down within the bursa. 

terior rim. Because there is reduced surface area for 
contact and lubrication, greater tensile forces are gen- 
erated. 

Pain of multiple orgins is the usual result of these ab- 
normal mechanics. The increased tensile forces stimu- 
late pain fibers in the richly innervated retinaculum.^ In 
addition, tension on the retinaculum that is abnormally 
scarred to the periosteum (proximal to the normal line 
of insertion) generates pain from nerve endings in the 
periosteum. Finally, the abnormal contact forces on the 
articular surfaces can eventually accelerate arthritic 
changes and trigger inflammatory cascades.^ 




Figure 17.2. A: In a normal 
patellofemoral joint, the pull of the 
extensor mechanism allows the load 
(arrows) to be dispersed over the full 
surface of the Joint. B: When the in- 
frapatellar bursa is obliterated, the 
pull is shifted proximal to the articu- 
lar rim, resulting in disproportionate 
anterior loading of the tibiofemoral 
joint. 





Figure 1 7.3. A bony ridge seen on the proximal anterior tibia 
is the insertion point of the capsular ligaments. Note the in- 
sertion point becomes more distal at the tibial tubercle. 



Figure 17.4. When patella baja occurs, the patella is pulled 
distally, and the inferior pole is drawn deep toward the in- 
tercondylar notch. 
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One further progression can occur. In patients who 
form severe scars, scarring in the bursa can involve the 
entire fat pad and extend through the ligamentum mu- 
cosum into the femoral intercondylar notch. A large 
mass of dense noncompliant scar is created in the an- 
terocentral portion of the knee. With knee extension, 
the mass impinges against the intercondylar shelf, cre- 
ating the so-called infrapatellar contracture syndrome^’^ 
(Fig. 17.5). This tissue mass can become so large it 
blocks full extension. 

In terms of complications related to skeletal anatomy, 
the issue of physeal injury is germane to our discussion. 
The tibial tubercle is an epiphyseal structure. Osteotomy 
before physeal closure carries with it the risk of defor- 
mities associated with premature closure or partial clo- 
sure of the proximal tibial physis. 

GOALS OF TREATMENT 

In the context of this discussion, a tibial tubercle os- 
teotomy is needed for one of three reasons: extensile 
exposure, stabilization of a subluxating or dislocating 
patella, or unloading an arthritic patellofemoral joint. 
There are distinctly different goals for each of these 
generic procedures, and these goals should guide per- 
formance of the operation. 

Extensile exposure carries the most obvious goal — 
surgical exposure for an unrelated procedure. The con- 




Figure 1 7.5. In advanced patella baja, fibrotic scarring of the 
fat pad bridges the anterior cruciate ligament to the patellar 
tendon. With attempted knee extension (arrow), this fibrotic 
mass impinges on the intercondylar shelf. 
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siderations here are to osteotomize the tubercle in such 
a manner that it heals readily, to cause no marked mor- 
bidity to the extensor mechanism, and to accomplish 
fixation despite the possible presence of an intra- 
medullary or extramedullary tibial implant. 

Osteotomy of the tubercle as a component of a 
patellofemoral-stabilizing procedure requires an under- 
standing of the anatomic derangements that contribute 
to the instability. Beyond the focus of this discussion are 
the releases and muscle transfer components of the 
proximal realignment. Specific abnormalities that indi- 
cate the need for a distal realignment (osteotomy) are 
patella alta and an excessive Q angle. Although eleva- 
tion of the tubercle can be done with the stabilization 
procedure, it is a treatment for arthrosis, not instability, 
and therefore should be considered separately. 

Patella alta is a serious but often ignored abnormal- 
ity. It can be corrected only if the tubercle fragment is 
completely detached so that it can be shifted distally. 
The goal is to bring the inferior pole of the patella to 
lie on Blumensaat’s line when the knee is flexed 45 to 
55 degrees or about 2 cm above the tibial articular sur- 
face regardless of the degree of flexion.^ 

Correction of the Q angle is designed to bring it out 
of the excessive range. Hughston and Walsh^ recom- 
mend correction of values in excess of 10 degrees. 
Kolowich et al^ recommend correction of a tubercle sul- 
cus angle of greater than 5 degrees. The theory that 
correction should be made to attain an arbitrary “nor- 
mal” value is probably flawed and difficult if not impos- 
sible to execute. Although methods have been advo- 
cated for engineering an exact correction, intraoperative 
execution to that degree of precision is difficult. A more 
attainable and functionally relevant goal is to correct the 
Q angle so that passive tracking is normalized after the 
patella alta is corrected. 

In a patient with an arthritic patellofemoral articula- 
tion, the goal is to unload the joint by elevation of the 
tubercle. Theoretically, the Maquet osteotomy unloads 
the articulation evenly. The anteromedial osteotomy by 
its combined medial shift can unload the lateral facet 
a relatively greater amount than the medial facet. The 
implication is obvious and the application eloquent. Sub- 
chondral sclerotic changes can be used as a biologic in- 
dicator of joint loading (P. Maquet, personal communi- 
cation, 1993). The goal of even unloading or selective 
unloading can therefore be determined by assessing pat- 
terns of sclerotic subchondral bone (coupled with other 
radiographic signs of arthrosis) on plain x-ray films or 
tomograms. By varying the angle of the osteotomy from 
coronal plane (Maquet) to oblique (anteromedial) the 
amount of medial shift relative to elevation can be var- 
ied. Thus, the lateral articulation can be selectively un- 
loaded if lateral arthrosis predominates. 
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The other issue or goal regarding an elevation-type 
osteotomy is the degree of elevation. With such con- 
siderations as the likelihood of bleeding, compartment 
syndrome, and skin slough increasing with increasing 
amount of elevation, the goal is to perform the min- 
imal elevation that will produce adequate relief of symp- 
toms. Maquet^^ recommended a minimum 2-cm eleva- 
tion; however, others have shown that beyond 1.25 to 
1.5 cm of elevation, the symptomatic gains decrease 
dramatically versus the increasing risk of complica- 
tion. Therefore, limiting the elevation to 1.5 cm is 
a reasonable surgical goal. Pan et aP^ argue that the 
combination of elevation and shingle length is the true 
determinant of articular unloading and advocate a 2-cm 
elevation with a 20-cm shingle. It is clear that contro- 
versy still exists in this area, and the surgeon’s goals 
should be based on his or her interpretation of the cur- 
rent literature. 



PROCEDURES OF HISTORICAL INTEREST 

If viewed in terms of a generic operation, osteotomy of 
the tubercle can involve (1) translocation of a wafer of 
the tubercle containing the insertion of the patellar ten- 
don (prototype: Elmslie-Trillat),^^ (2) elevation of the 
tubercle (prototype: Maquet),^^ (3) elevation combined 
with medial translocation of the tubercle (prototype: an- 
teromedialization),^^ (4) medial transfer of a split lateral 
half of the patellar tendon (prototype: Roux-Goldth- 
wait),^^’^^ or (5) translocation of the full cortical thick- 
ness tubercle to be countersunk into a cortical window 
(prototype: Hauser). Other so-called distal alignment 
procedures such as the semitendinosus transfer or 
Galeazzi procedure^"^ do not fall into this category be- 
cause they are purely soft tissue transfers that do not 
involve an osteotomy of the tubercle. While the Elmslie- 
Trillat, Maquet, and anteromedialization procedures 
remain in use, the Roux-Goldthwait and Hauser proce- 
dures have largely been abandoned because of associ- 
ated complications.^ Reviewing these complications il- 
lustrates their many pitfalls and helps us to avoid them. 

In the Roux-Goldthwait procedure, the patellar ten- 
don is split into medial and lateral halves. The lateral 
half is transferred deep to the medial half and is an- 
chored to medial soft tissues or periosteum, or both. In 
terms of accomplishing goals, while the Q angle can be 
corrected, patella alta is unchanged. If significantly de- 
creased, all pull would be through the transferred half. 
Whiteside^^ demonstrated that lateral tilt could even be 
accentuated when the lateral split tendon was trans- 
ferred in this manner. Balancing pull through both halves 
of the tendon was difficult to achieve, and if it was not 
equally balanced the transferred half was pulled loose. 



ruptured, or autolysed.^’^’^^ Failure to protect the in- 
frapatellar bursa during transfer of the split tendon re- 
sulted in the bursa and tendon scarring down to the un- 
derlying anterior tibial cortex. This had the effect of 
transferring extensor mechanism forces from the tibial 
tubercle to a more proximal location near the articular 
rim. Despite these drawbacks, when the operation was 
performed with attention to these technical details, it 
produced champions historically^^ and recently. 

With the Hauser procedure, an entire bone block con- 
taining the tubercle and tendon’s insertion was translo- 
cated to and countersunk into a cortical window remote 
from the donor site. Probably the most lasting criticism 
of the procedure was the relative ease of inadvertent 
overcorrection resulting in a patella baja.^^ The patella 
baja led to pain, a dynamic external rotational tibial de- 
formity if the bone block was also transferred too far 
medially (Fig. 17.6), and patellofemoral arthrosis. If 
the location of the cortical window was not correct ini- 
tially, the procedure did not allow for adjustment or cor- 
rection. Severe complications such as those above, com- 
partment syndrome, or overall complication rates 
approaching 54%^^ caused many surgeons to abandon 
this procedure. One reported series of patients treated 
with a “modified Hauser” procedure claimed no serious 
complications; however, the osteotomized bone was not 
countersunk and the operation therefore resembled an 
Elmslie-Trillat more than a Hauser osteotomy. 




Figure 17.6. A complication of the Hauser procedure. In ad- 
dition to patella baja, a dynamic external rotation torque is 
imposed. 
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DISTAL ALIGNMENT PROCEDURES 
IN CURRENT USE 

At this time, there are three tibial tubercle osteotomies 
that are commonly performed: the Elmslie-Trillat, or 
Hughston, procedure, which involves the translocation 
of a wafer of the tubercle containing the insertion of the 
patellar tendon^’ the Maquet procedure, in which a 
shingle of tubercle is elevated^^; and the anteromedial- 
ization, or Fulkerson, procedure, which combines an el- 
evation with medial translocation of the tubercle. We 
will focus only on the tubercle osteotomy technique of 
each procedure while acknowledging that it may be only 
a component of the overall procedure. 

Patellar Stabilizing and Extensile 
Exposure Procedures 

The Elmslie-Trillat, or Hughston, procedure is primarily 
directed at correcting instability rather than arthrosis. 
Because it does not intentionally elevate the tubercle, 
unloading other than correction of abnormal loading as 
a consequence of the malalignment is serendipitous. 
Without the translocation, the surgical sequence for the 
osteotomy and refixation serve also as an ideal method 
when osteotomy for extensile exposure is indicated. As 
described, this is the only currently popular osteotomy 
that has the capacity to correct patella alta. 

Medial and lateral arthrotomy incisions, components 
of the proximal soft tissue realignment, are extended 
distally along the borders of the patellar tendon to the 
tubercle. Care is taken to incise only the retinaculum so 
as not to disturb the underlying bursa or periosteum. 
The periosteum outlining the medial, lateral, and distal 
borders of the tubercle, however, is incised. With the 
patellar tendon gently elevated to expose the bursa and 
proximal border of the tubercle, an osteotome is inserted 
from the lateral retinacular incision deep to the tendon 
and is seated against the proximal edge of the tubercle 
at the insertion of the patellar tendon. The osteotome 
is oriented from superolateral toward the distal medial 
portion of the tubercle and just deep enough to cut a 
slightly more than cortical thickness wafer of bone — at 
least 5 mm but less than 10 mm thick (Fig. 17.7). The 
perimeter of the osteotomized fragment should be rel- 
atively square and should correspond to the periosteal 
incision described above. Sometimes it is helpful to ini- 
tially make a 5-mm-deep osteotomy along the distal 
border of the tubercle to prevent the “wafer” from be- 
coming a “shingle.” 

Care should be exercised against injudicious handling 
of the wafer lest it fragment. When osteotomized, it can 
be freely reflected superiorly, but the deep surface of 
the patellar tendon should not be detached from the fat 




Figure 17.7. The osteotome is set gently into the bursa and 
rested against the superior edge of the tubercle. In this way, 
the bursa is protected from scarring. 



pad. Fixation using a four-pronged staple with narrow 
tines is preferable to screw fixation because it allows ad- 
justment by millimeters rather than by centimeters if the 
original position for fixation proves suboptimal after 
tracking is checked. The staple can be seated in the 
wafer fragment immediately after osteotomizing it. One 
sharp impact should drive the tines through the frag- 
ment. The staple and fragment can then be lifted away 
and a joker retractor used to press and seat the frag- 
ment fully to the base of the staple (Fig. 17.8). 

Two clinical methods are available intraoperatively to 
determine the proper amount of distal transposi- 
tion. With the knee flexed 45 to 55 degrees, 

the inferior pole of the patella should just make contact 
with a straight instrument or probe inserted into the joint 
so that it lies against the intercondylar shelf (Fig. 17.9). 
This is a clinical representation of Blumensaat’s line. 
The second method is not dependent on flexion angle 
but requires the surgeon to know the width of his or her 
index finger, which should be approximately 2 cm. The 
height of the inferior pole of the patella above the ar- 
ticular surface should be constant regardless of flexion 
angle. Therefore, with one side of the tip of the index 
finger resting against the articular surface, the tubercle 
should be transposed distally until the inferior pole just 
touches the other side of the tip of the finger (Fig. 
17.10). 
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Figure 17.8. After innpacting the staple partially through the 
tubercle bone “wafer,” a joker retractor is used to push the 
fragment up until it is seated under the base of the staple. 



Medial transposition is performed to correct the Q 
angle clinically and is usually about half the width of the 
wafer fragment of the tubercle. It averages between 5 
and 10 mm. The location for fixation is estimated and 
the bone is fish-scaled to improve fixation. The frag- 




Figure 17.9. The tubercle wafer is translocated distally until 
the inferior pole of the patella contacts a straight instrument 
lying against the intercondylar shelf. The knee must be flexed 
to between 45 and 55 degrees for this measurement to be 
accurate. Angling the impactor slightly distalward prevents the 
superior edge of the staple from cutting into the tendon. 




Figure 17.10. An average-sized index finger (2 cm) rests on 
the articular surface. The tubercle is translocated distally until 
the inferior pole of the patella contacts the opposite side of 
the finger. This method is independent of knee flexion angle. 



ment is provisionally fixed and passive tracking checked. 
If adequate correction has not been achieved, the frag- 
ment is repositioned. To seat the staple, the proximal 
edge should be levered distally so that it does not cut 
into the tendon (Fig. 17.10). In an osteotomy for ex- 
tensile exposure, the fragment would simply be replaced 
in its original bed. The proximal soft tissue balancing is 
done, and the retinacular incisions are closed by side- 
to-side anastomosis to the patellar tendon. The perios- 
teum around the tubercle is closed where possible. 

Patellofemoral Unloading Procedures 

Two procedures are designated as patellofemoral un- 
loading osteotomies. They are indicated for the treat- 
ment of symptomatic patellofemoral arthrosis. The Ma- 
quet osteotomy uniformly unloads the patellofemoral 
joint, while the anteromedialization more selectively un- 
loads the lateral half of the articulation and improves 
the Q angle. Neither procedure, as described, corrects 
patella alta and neither is appropriate for extensile ex- 
posure. 

In the classic Maquet^^ osteotomy, the tubercle is 
shingled but left attached at a point approximately 12 
cm distal. Maquet made his approach through a longi- 
tudinal incision just medial to the tibial crest. Multiple 
drill holes were made 7 to 8 mm posterior to the an- 
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terior crest and connected with a thin osteotome. Care 
was taken to keep the distal crest intact, thus creating 
a tongue of bone about 2.5 cm wide and 11.5 cm long. 
The osteotomy was done from the medial side at- 
tempting to keep the periosteum on the lateral face of 
the tibia intact. A block of iliac crest 2 to 3 cm thick 
was placed deep to the tubercle’s position on the crest, 
thus elevating the “tongue” or shingle. Maquet origi- 
nally advocated a 2 cm elevation; however, more con- 
temporary researchers continue to argue the ideal 
amount.^TO, 12-14, 16,35 bony dead space created by 

elevation of the shingle was filled with morselized can- 
cellous bone graft. If stable, the shingle was not fixed. 
Maquet also described a medial shift of the shingle 
if needed in patients with relatively excessive lateral 
patellofemoral contact pressures. After early re- 
ports of skin problems, modifications to the skin inci- 
sionio,i5 Qj. closure have been recommended. 

Many variations of this osteotomy have been de- 
scribed. ^^T3,35-38. 7hese variations involve shingle 
length and height of elevation primarily, but they also 
involve exposure, creation, and fixation of the os- 
teotomy. Controversy continues regarding the fine de- 
tails of the technique, and surgeons who use the pro- 
cedure should be familiar with the current literature. 

The anteromedialization procedure is approached 
similarly by a logitudinal incision through the lateral reti- 
naculum. It extends distally just lateral to the crest of the 
tibia. A 10- to 12-cm periosteal incision is made just 
on the medial border of the crest of the tibia and ex- 
tends from the tubercle distally. Subperiosteal dissection 
is carried out to expose the lateral face of the tibia down 
to the posterolateral angle. Multiple drill holes made 
from just off the medial edge of the crest are directed 
posterolaterally so they exit on the lateral face of the 
tibia. Care is taken that the drills or osteotomy do not 
penetrate at the posterolateral angle, where the ante- 
rior tibial artery and deep peroneal nerve are vulnera- 
ble, or at the posterior face, where the posterior tibial 
artery and nerve are vulnerable. Varying the obliquity of 
the angled osteotomy allows a relatively greater medi- 
alization (shallow angle) or anteriorization (steep angle) 
(Fig. 17.11). The osteotomy is turned to exit the ante- 
rior cortex proximally just superior to the patellar ten- 
don insertion. It extends distally for 5 to 8 cm distal to 
the tubercle. The cuts are completed with a reciprocat- 
ing saw and osteotomes. The shingle is mobilized to 
slide anteromedially while the surgeon attempts to main- 
tain the distal hinge intact. Unlike the Maquet os- 
teotomy, no dead space is created, so bone grafting is 
unnecessary. Fulkerson’s goal was a 1.0- to 1.5-cm an- 
terior displacement. Internal fixation is by a cortical lag 
screw through the posterior face of the tibia or by a 
cancellous lag screw. 




Figure 17.1 1. Varying the obliquity of the osteotomy allows 
the “shelf” to be shifted relatively more medial (shallow os- 
teotomy) (left), or anterior (steep osteotomy) (right). 



COMPLICATIONS AND SOLUTION 
STRATEGIES 

Improper Indications 

The first and only indication for reconstructive surgery 
on the extensor mechanism is for symptomatic insta- 
bility or arthrosis. This cannot be emphasized enough. 
The mere presence of excessive clinical measurements 
(Q angle, sulcus angle, patella alta) or abnormal radi- 
ographic measurements or signs (Merchant angle, tilt, 
sclerosis, loss of joint space, osteophytes, etc.) without 
significant symptoms is not an indication for surgery. 

Perhaps the most critical steps in performing a tu- 
bercle osteotomy occur before the skin incision is made. 
A clear vision should exist as to whether the tubercle 
osteotomy is being performed for (1) patellar stabiliza- 
tion; (2) unloading the patellofemoral articulation; (3) ex- 
tensile exposure for an unrelated procedure, such as an 
arthroplasty or a fracture reduction; or (4) some com- 
bination of the above. Specifically, stabilization-type pro- 
cedures should be carried out more for instability than 
for pain and unloading procedures, more for arthritic 
pain than for instability. However, tibial tubercle os- 
teotomies have no place in the management of ante- 
rior knee pain in the absence of arthrosis or instabil- 
ity. Failure to observe proper indications has been 
correlated to suboptimal outcomes. 

Timing of the procedure may appropriately be con- 
sidered along with indications. Even with proper indi- 
cations and goals, Cox"^^ reported a decreased range of 
motion when the procedure was done too soon after 
an acute patellar dislocation. 

Solution Strategies 

Always approach a tubercle osteotomy with clear indi- 
cations based on the goals of the correction. For patel- 
lar stabilizing procedures, the indications are correction 
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of excessive patella alta and excessive Q angle with the 
ultimate goal of restoring stability. For patellofemoral 
unloading procedures, the indication is excessive patello- 
femoral contact pressures and arthrosis and the ultimate 
goal is decreasing contact pressures and relieving dis- 
comfort. 

Developing an algorithm based on the preoperative 
clinical and radiographic examination is helpful. If in- 
stability is present, the osteotomy along with other ele- 
ments of proximal soft tissue balancing should correct 
anatomic derangements contributing to the instability. If 
patella alta is present, distal transposition is indicated. 
Conti et al recommend distal transposition if the In- 
sall-Burstein index is greater than 1.3, and Hughston 
and associates^’^^’^^ recommend the procedure if the 
inferior pole of the patella sits proximal to Blumensaat’s 
line with the knee flexed 45 to 55 degrees. If the Q an- 
gle is excessive or the limb extremely valgus, medial- 
ization may be indicated. If arthrosis is present, pure el- 
evation is indicated. If arthrosis is largely in the lateral 
patellofemoral articulation, anteromedialization is indi- 
cated. When a combination of these factors is present, 
a combination of surgical tactics is appropriate. In the 
case of an acute patellar dislocation, surgery should be 
delayed for a 4- to 6-week period during which an ac- 
tive rehabilitation program is implemented. 

Failure to Accomplish Goals 

Failure to Correct Luxation 

Both medial"^^ and persistent lateral subluxation have 
been reported from either over- or undercorrection. 
Molina et al"^^ recommend medialization from 0.5 to 
1.0 cm. Conti et al^^ advocate limiting medial transpo- 
sition in an Elmslie-Trillat-type osteotomy to 10 mm, 
arguing that greater amounts will lead to painful medial 
impingement. 

Solution Strategies. Reconstruction should proceed 
in a logical sequence. In a combined proximal-distal re- 
alignment, the distal component must be done first be- 
cause proximal soft tissue balancing is based on the new 
position of the patellar tendon insertion. Knowledge, 
experience, and the intraoperative guidelines discussed 
above will allow an approximation of the new insertion 
site, but the surgeon should approach this point initially 
as a trial location. With provisional fixation, tracking 
should be checked and the position adjusted until track- 
ing is optimized. Note that the distal position alone may 
not correct the instability completely; however, it should 
provide the optimal position on which to retension the 
retinaculum and the heads of the quadriceps. If the ini- 
tial goals are not achieved, it is reasonable to allow time 
to determine if rehabilitation of the quadriceps coupled 
with a presumably improved albeit suboptimal realign- 



ment can produce an asymptomatic or acceptable knee. 
If symptoms remain despite rehabilitation efforts, revi- 
sion surgery is indicated. 

Failure to Unload the Patellofemoral 
Articulation 

Adequate anterior displacement, coupled with medial- 
ization if arthrosis disproportionately affects the lateral 
portion of the patellofemoral articulation, is necessary 
to relieve symptoms. Again, the exact amount 
is debated and is a compromise. Displacement that is 
sufficient to improve symptoms must be weighed 
against the risk of complications. For the present, this 
amount seems to lie somewhere between 1.0 and 
2.0 cm. ^’^^42-14, 16, 17, 34, 35, 40, 45, 46 

Solution Strategies. If the symptoms are not allevi- 
ated by the procedure, the strategy is similar to that 
above. Fulkerson et al"^^ reported improvement in symp- 
toms with revision osteotomy and further anterior dis- 
placement. Again, it seems wise that revision should fol- 
low an appropriate period of healing and rehabilitation. 

Iatrogenic Anatomic Derangements 

The most obvious tactic here is prevention. Knowledge 
of the anatomy and of the consequences of not appre- 
ciating and thus obliterating functionally important tis- 
sue planes is the best means of preventing this prob- 
lem. Surgical tactics that protect these structures must 
be observed. Incisions in the retinaculum should be made 
along the medial or lateral edge of the patellar tendon, 
and care taken that the depth of that cut is sufficient 
only to divide the retinaculum but not to score underly- 
ing bursal tissue or bone. Retractors placed in the bursa 
should be dull, not sharp. Finally, the tubercle should be 
osteotomized from within the bursa outward to prevent 
the osteotomy line from extending proximally and in- 
volving the floor of the bursa. 

Infrapatellar Bursa and Retinaculum Scarring 
Trauma to the infrapatellar bursa results in scarring and 
obliteration of the bursa. The deep surface of the 
patella adheres to and ultimately scars to the bursal pe- 
riosteal surface of the proximal anterior tibia. In effect, 
this causes the tendon to insert on the tibia near or at 
the articular rim rather than 2 to 3 cm distally at the tib- 
ial tubercle, adversely affecting normal extensor mecha- 
nism biomechanics. 

Likewise, the retinacular expanse medially and later- 
ally can scar down to the underlying periosteum if the 
periosteum is disrupted.^ This causes abnormal adher- 
ence to richly innervated periosteum and increased ten- 
sion at this adherence due to the resultant abnormal ex- 
tensor biomechanics. 
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Solution Strategies. The tactics necessary to prevent 
this complication are described above (see Surgical 
Anatomy). Dealing with the complication, when it ex- 
ists, can be frustrating for removing scar tissue causes 
new scar tissue to form. A “normal” knee is an unreal- 
istic goal, and patients should be so advised. They will 
retain some limitations particularly in kneeling and squat- 
ting. If possible, waiting until the scar tisssue is mature 
and the healing physiology is quiescent is helpful. The 
surgical approach should be as atraumatic as possible. 
Every attempt must be made to lyse the adherence 
through the plane of the adhesion and to avoid incising 
or inadvertently stripping the periosteum. A bulky com- 
pressive dressing is maintained the first two postopera- 
tive days to minimize hematoma formation, which might 
itself lead to new scar formation, in the dead spaces cre- 
ated. The key to success, as it were, is to institute early 
motion (within 3 days of the operation) so that tissue 
planes move against each other, minimizing the likeli- 
hood of adhesion formation. 

Patella Baja 

Patella baja is caused by scarring of the bursa, over- 
correction of the transplanted tubercle, or, rarely, from 
procedures done in patients with an open ph- 
Sadly, it is almost always an iatro- 
genic condition, and, as if to punish the surgeon, it is 
rarely asymptomatic. Retropatellar pain, loss of motion, 
crepitation, and extensor mechanism disuse and dys- 
function are common sequelae. The pathomechanics 
of this condition have already been described. 

Solution Strategies. Nonopervative measures are not 
successful in resolving this problem. Therefore, early sur- 
gical intervention has been advocated. The tubercle 
must be reosteotomized. Adhesions in the infrapatellar 
bursa area must be lysed until pull on the quadriceps 
tendon freely moves the patellar tendon and adjacent 
retinaculum independently of the tibia. A methodology 
such as that described by Hughston and Walsh^ and dis- 
cussed above is critical for determing the proper level 
for refixation of the tubercle. If the surgeon is in doubt 
on clinical grounds alone, intraoperative radiographs 
should be obtained. 

Genu Recurvatum 

Failure to delay osteotomy procedures about the tibial 
tubercle until a time at or near physeal closure puts the 
patient at risk of complete or, more likely, partial growth 
arrest and resultant growth deformities, such as hyper- 
extension, varus, valgus, external tibial torsion, or distal 
migration of the tubercle. The most 
likely deformity is the anterior hemiepiphyseal arrest that 
causes an apparent genu recurvatum over time. The 
prominence of the tubercle disappears, and the visible 
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deformity has much the same appearance and has been 
mistaken for the posterior sag of a posterior cruciate 
ligament injury. In severe cases, the extensor mecha- 
nism is functionally unloaded as the patient is biome- 
chanically habituated to walk with a “recurvatum gait” 
because the quadriceps is not used as a momentum dis- 
sipater. Severe quadriceps atrophy, pes anserine bursi- 
tis, and peroneal neuritis can be further sequelae. 

Solution Strategies. The most obvious solution is to 
not perform a tubercle osteotomy until after physeal clo- 
sure. When a distal realignment procedure is needed 
and cannot be delayed, one of the distal soft tissue pro- 
cedures such as the Galeazzi transfer can function ef- 
fectively. 

If the deformity has occurred, it is characterized by a 
reversal in the normal 10-degree anterior to posterior 
slope of the articular surface of the proximal tibia. The 
most appropriate but technically demanding solution is 
to perform an anterior opening wedge osteotomy just 
proximal to the insertion of the patellar tendon while 
maintaining the continuity of the posterior cortex. This 
can be accomplished either in a one-stage procedure 
with bone grafting (although the risk of scarring in the 
infrapatellar bursa is greater with this option), or by the 
use of Ilizarov techniques, which allow an anterior hemi- 
corticotomy to be performed at the same level with a 
gradual distraction using an external fixator with an an- 
terior self-centering hinge oriented in the sagittal plane. 
With this method, much less dissection is required and 
much less scarring ensues. 

Distal Migration of the Tubercle 
If the tubercle is transplanted distal to the physis while 
it is still open, an abnormally distal insertion of the patel- 
lar tendon can result (a severe patella baja). Although 
less common than genu recurvatum, it has been re- 
ported.^ 

Solution Strategies. Again, avoid tubercle osteotomy 
before physeal closure. To correct a migrated tubercle, 
the tubercle should be osteotomized and transplanted 
using methodology as described for the Elmslie-Trillat 
type osteotomy. The goal should be to move the tu- 
bercle proximally until the inferior pole of the patella is 
positioned on Blumensaat’s line when the knee is flexed 
from 45 to 55 degrees. In severe, long-standing cases, 
soft tissue releases in the infrapatellar tendon bursa may 
be necessary, as well. The prognosis in these cases is 
not as favorable. Ideally, this salvage procedure should 
be delayed until at or near physeal closure to avoid mul- 
tiple revisions. 

Fat Pad Fibrosis 

The infrapatellar fat pad can be damaged by incisions 
placed too deeply through the retinaculum or into the 
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infrapatellar bursa. The fat pad forms a supporting con- 
duit for a rich vascular anastomotic plexus connecting 
inferomedial and inferolateral geniculate arteries with 
vessels supplying the anterior cruciate ligament. If 
completely severed by a deep incision, these vessels may 
go into spasm for several hours and thus go unrecog- 
nized during closure. If bleeding occurs after the fat pad 
is closed, the hematoma is usually contained within the 
fat pad and will eventually organize and fibrose. A large 
fibrotic nodule in the fat pad is painful and blocks full 
extension and flexion. 

Solution Strategies. Two strategies are aimed at pre- 
venting this problem. If the tourniquet is used, it should 
be released immediately after initial dissection to allow 
the arteries sufficient time to relax, bleed, and thus be 
detected before closure. Even without detectable bleed- 
ing, hemostatic absorbable sutures should be placed in 
the fat pad to ligate any arteries that are at risk of be- 
ing severed by an incision into the fat pad. 

If an organized fibrotic nodule is present, it must be 
excised sharply and then treated as above for closure. 

Postsurgical Complications (Local) 

Infection 

Although included primarily for completeness, a discus- 
sion of infection allows us to outline the pitfalls that lead 
to infection and to review appropriate strategies for deal- 
ing with them. Hematoma, which is discussed below, is 
a preventable cause of infection. Its presence provides 
a portal of entry for pathogens through gaps in suture 
lines and draining suture lines. Skin necrosis from 
hematoma provides yet another portal for contamina- 
tion. Infection related to wound problems has been more 
commonly reported following Maquet-type osteoto- 
mies,^^ although it has been reported in Elmslie-Tril- 
lat-type procedures as well."^^ Particularly in the case of 
the Maquet-type osteotomy, infection can involve the 
bone by rapid contiguous spread if the initial wound 
problem is not dealt with aggressively. 

Solution Strategies. Hematomas should be prevented 
or evacuated if they are large. If an infection occurs, the 
wound should be immediately opened surgically and ir- 
rigated with an antibiotic solution. Necrotic tissue should 
be excised without regard for the defect created, and all 
foreign material, such as sutures, anchors, or implants, 
should be removed. The spatial relationship of the 
patella to the tibia can be maintained by application of 
a tensioned wire ring-hybrid external fixator or the more 
conventional half pin external fixator or by olecraniza- 
tion of the patella (either of the former two methods is 
preferable). 

We have found that with a complete initial debride- 



ment, it is possible to proceed with wound closure, ei- 
ther primarily or with flap coverage, if a wound irriga- 
tion system is used. We use a modified double-lumen 
abdominal sump tube (Fig. 17.12) with large outflow 
fenestrations. It is connected to intravenous inflow by 
gravity only (to prevent compartment syndrome) and 
outflow to a urometer bag. In this manner, fluid flows 
in distending tissue away from the fenestrations of the 
outflow tube and thus allows drainage. This “milking” 
action has an advantage over older “suction-perfusion” 
systems. The solution used is a plain Ringer’s with bac- 
itracin and polymyxin additive. The system is maintained 
for several days on a decreasing inflow rate. In most 




Figure 17.12. The closed wound irrigation system. A: An IV 
bag is connected to a double-lumen abdominal sump tube. 
The other port on the tube is connected to a GU bag. B: Close- 
up photo of the tip of the tube. Rather than using suction, 
which tends to draw in tissue occluding fenestration in the 
tube, inflow of fluid distends tissue away from the fenestra- 
tions facilitating fluid egress. 
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cases, with wound control and no recurrent signs of 
wound sepsis, a second surgical irrigation and reinser- 
tion of fixation implants can be undertaken in approx- 
imately a week. 

Hematoma 

The development of a postoperative hematoma should 
not be thought of as just a trivial annoyance. It can re- 
sult in wound problems, prolonged recovery periods, 
ankylosis, infection, reoperation (for evacuation), com- 
partment syndrome, or peroneal nerve palsy. ^ 

Increased tension by the hematoma can cause gaps 
at the suture line with prolonged drainage and a portal 
for entry of pathogens. In cases where large skin flaps 
have been elevated or in cases where an alternative skin 
incision has been made to avoid scars from previous 
procedures, the collateral cutaneous circulation around 
the incision may be compromised, and skin viability can 
depend on early reestablishment of collateral circulation 
from deeper layers. The hematoma interposed between 
the subcutaneous and deeper layers can block these col- 
laterals from forming and causing marginal wound or 
flap necrosis. 

Similarly, the increased tension or pressure by the 
volume of the hematoma can cause pain or compart- 
ment syndrome (discussed below). Increased pain car- 
ries implications far beyond the need for increased anal- 
gesics. The reestablishment or maintenance of normal 
joint recesses and tissue planes requires early motion. 
Pain serves to limit a patient’s compliance with reha- 
bilitation protocols. At the least, recovery periods will 
be prolonged, and formation of intraarticular as well as 
extraarticular adhesions is possible mandating additional 
operative procedures. 

After extensor mechanism surgery, most patients lie 
with the knee extended and the femur in an externally 
rotated position. This places the peroneal nerve in the 
most dependent position as it courses through a narrow 
sheath around the metaphyseal flair of the proximal 
fibula. Extravasated blood or hematoma will migrate to 
this area, and its accumulation has been linked to per- 
oneal nerve neuropraxia.^^ 

Solution Strategies, If a tourniquet is used, it should 
be released after exposure to gain hemostasis. If release 
is delayed until closure, some arterioles can remain in 
spasm long enough to escape detection as a source of 
bleeding. If, however, the tourniquet is deflated during 
the reconstruction portion of the procedure rather than 
afterward, the bleeding will become apparent. In pro- 
cedures with a greater risk of bleeding, such as the Ma- 
quet or anteromedialization procedure, liberal use of 
drains is prudent. 

A bulky postoperative dressing should be maintained 
for the first several days after surgery to provide an ex- 
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ternal tamponade to accumulation of blood or fluids in 
any potentially dead-tissue spaces. As dressing, we uti- 
lize, in order from the skin out, a nonadherent gauze 
pad, cotton gauze sponges, cotton cast padding roll, a 
sterile synthetic mechanics waste (pillow stuffing), cot- 
ton combine roll, wide nonelastic roll bandage, and a 
foam straight-knee immobilizer. Although many devices 
now available to provide cold compression are helpful, 
their advantages beyond those described above must be 
weighed against the additional expense. 

Failure of Fixation or Graft Displacement 
Although any fixation method is subject to failure and 
failures of fixation have been reported in extensor mech- 
anism realignment procedures, several aspects 
of fixation of a tibial tubercle osteotomy merit special 
mention. 

The choice of a fixation device can be as important 
as the execution of the fixation, particularly in the Elm- 
slie-Trillat-type procedure in which a small thin wafer 
of the tubercle is transferred. When adjustment in 1- to 
2-mm increments is critical, the use of a 3.5- or 4.5- 
mm screw demands that any change in position be re- 
located at least 5 mm away to avoid cutting into the 
original drill hole. As important, the contact stress im- 
parted by a screw through a thin bone wafer is more 
likely to fracture the tubercle fragment. 

With concerns for skin necrosis in Maquet oste- 
otomies, many advocate avoiding hardware fixation of 
the shingle if soft tissue and interference fit of the graft 
appear stable. practice, however, has re- 
sulted in graft displacement rates as high as 

Although not a true “failure,” the subcutaneous loca- 
tion of any fixation device makes it prone to recurrent 
irritation and development of painful hardware bursitis, 
requiring removal. Overly aggressive rehabilitation 
can also cause fixation failures (see below). 

Solution Strategies. In the case of Elmslie-Trillat-type 
osteotomies, the use of a four-pronged table staple (Fig. 
17.13) provides four points of fixation, narrow tines to 
allow greater flexibility in repositioning the tubercle in 
increments of 1 to 2 mm, and a broad surface area of 
contact against the fragment, which minimizes the risk 
of fracture. This fixation is not without its poten- 
tial faults. Care must be taken to adjust the angle of in- 
sertion so that it does not cut into and possibly rupture 
the patellar tendon. 

In Maquet osteotomies, if fixation hardware is 
avoided, several strategies are useful. The graft should 
be carefully fitted gaining as much interdigitation and in- 
terference fit as possible. Maintaining the integrity of 
the periosteal envelope (i.e., by cutting the osteotomy 
from only one side) will help to interlock the graft and 
stabilize the shingle. Intraoperatively, the knee should 
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Figure 17.13. A four-pronged table staple used for tubercle 
fixation of Elmslie-Trillat type osteotomies. This one, designed 
by Puddu, has strong tines, yet allows adjustment of position 
within 3 mm. 

be taken through a range of motion to observe for any 
instability of the shingle. Use of countersinking tech- 
niques and newer low profile head screws may obviate 
the need to avoid hardware. An unfixed shingle demands 
greater protection during rehabilitation and from inad- 
vertent trauma during the early postoperative period. 

Nonunion 

Nonunions occur for reasons both understood and not 
understood. Unstable fixation allowing gross motion, in- 
terposed soft tissue, an atrophic bed, and infection are 
all preventable causes if they are anticipated. As just 
discussed, consciously avoiding fixation in Maquet os- 
teotomies increases the risk of nonunion. Overly ag- 
gressive aftercare can also contribute. While an asymp- 
tomatic nonunion may pose no problem^^ other than 
the concern of late migration, most nonunions are 
painful and require revision. 

Solution Strategies. If nonunion or displacement of 
the tubercle fragment occurs, the site should be opened. 
All interposed fibrous tissue should be resected and raw 
bony beds obtained on both the tubercle fragment and 
tibial recipient site. This can be augmented by “fish scal- 
ing” the tibia (turning up small, thin, closely packed sliv- 
ers of cortical bone) with a sharp osteotome. If the tu- 
bercle fragment is sclerotic and atrophic (i.e., with 
minimal punctate cortical bleeding), autologous bone 
grafting may be indicated as well. The cause of the orig- 
inal failure should be determined and adjustments made 
with the fixation or aftercare to prevent a recurrence. 

Patellar Tendon Rupture 

Although it is more common in cases of extensor mech- 
anism realignment coupled with total knee arthro- 
plasty,^^’^^ the complication of patellar tendon rupture 
has been reported in pure extensor mechanism re- 
alignment procedures as well.^’^"^’^^ It can occur from 



direct damage and weakening of the insertional fibers 
of the patellar tendon during the osteotomy or from a 
fixation device, such as a staple, cutting into the ten- 
don, as previously described. In either case, these rup- 
tures usually take the form of sharply demarcated trans- 
verse avulsions near the insertion rather than the long 
interstitial failures seen with tensile loading traumatic 
ruptures. 

Solution Strategies. By some means, the tendon must 
be anchored to a raw bony bed on the tibia. When some 
bone remains attached, this task is easier. Using a strong 
(no. 5) nonabsorbable suture, a double row of Bunnell- 
type sutures is placed in the tendon from the distal pole 
of the patella to the edge of the rupture. The four tails 
of the suture are secured by suture through bone or with 
some form of suture anchor (Fig. 17.14). The cortex 
just proximal to the point of suture should be “fish 
scaled” to enhance tendon-to-bone healing. 

If no sound means of distal anchorage is available, a 
central third patellar tendon-bone graft can be har- 
vested, reversed, and anchored to the tibia with more 
conventional bone-to-bone fixation methods. At that 
point, the tendon “tails” can be repaired with a V-Y 
technique (Fig. 17.15). In the most refractory situations 
or in long-standing cases when patellar tendon substance 
is lost, a complete bone-patellar tendon-bone allograft 
preparation can be implanted. 

In either situation, optimal outcome depends on the 




Figure 17.14. If the wafer fragments, suture techniques in 
the tendon combined with suture anchors in bone at the re- 
cipient site can be used to salvage fixation. 
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Figure 17.15. In this salvage technique, a V-Y split of the 
tendon is perfornned, and the central third is harvested with 
a plug of bone from the patella. Bone from a trough cut at 
the recipient site can be used to graft the patella. The central- 
third, free tendon graft is flipped, the bone is anchored in the 
trough with screws, and the V-Y split is repaired by suture 
techniques. 

ability to initiate knee motion within several days to pre- 
vent intraarticular adhesions and adhesions in the in- 
frapatellar bursa. To accomplish this, we create a mod- 
ified tension band wire for temporary load sharing with 
the patellar tendon. This protects the insertional repair, 
yet allows motion. An 18-gauge wire is passed deep in 
the substance of the quadriceps tendon just on the 
superior pole of the patella. Next, it is brought in a 
figure-of-eight fashion distally on the anterior surface of 
the patella and the patellar tendon and anchored 
through a drill hole in the anterior tibial crest at the level 
of the tibial tubercle (Fig. 17.16). Tension on the wire 
should be adjusted to create as much tension as possi- 
ble on the patellar tendon without compromising the re- 
pair seams. A range-of-motion arc of 0 to 90 degrees 
is usually satisfactory during the period that the wire is 
implanted. At 6 weeks, barring any problems, the re- 
pair will be at 80% of normal tensile strength and the 
wire can and should be removed. If retained, it will ul- 
timately break. By 3 months, functional rehabilitation 
can usually be instituted. 

Fracture 

Fracture can be characterized as fracture of the wafer 
or shingle fragment or of the tibia. As would be ex- 
pected, fracture of the tibia is more likely to occur in 
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Figure 17.16. Protection of tenuous tubercle fixation. The 
wire is passed through the quadriceps tendon proximally and 
the tibial crest distally. It is adjusted just to load share be- 
tween the tendon and the wire. The wire is removed 6 weeks 
postoperatively. 



procedures where a markedly large cortical opening has 
been created causing a stress riser. Accordingly, reports 
exist of fracture complicating Hauser, Maquet,^^’^^’^^ 
arthroplasty exposure, and anteromedial transfer 
procedures,^^’^^’^^ and are lacking with Elmslie-Trillat 
procedures. 

The fractures after anteromedialization involved the 
proximal tibia more often than the shingle as in a Ma- 
quet osteotomy, and thus were more serious in nature. 
Stetson et al^^ reported a series in which the overall 
rate of fracture of the proximal tibia was 2.6%, but in 
the patients who were treated with early weight bear- 
ing the rate was 9.8%. 

The shingle of a Maquet osteotomy can fracture at 
its distal hinge compromising fixation or proximally if 
the graft is placed somewhat distal so as to cantilever 
the proximal end (Fig. 17.17). 

Solution Strategies. Treatment is dictated by the frac- 
ture configuration, stability, and amount of displace- 
ment. It is more appropriate in this context to devote 
attention to prevention of the fracture. In osteotomies 
in which a stress riser in the tibia is created (i.e., the 
more invasive osteotomies), weight bearing should be 
limited in the early phases of healing. The length of 
time a patient remains non- and partially weight bear- 
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Figure 17.17. Placing the iliac graft too distally can cantilever 
the shingle, making it vulnerable to fracture. 

ing is a decision based on the magnitude of the initial 
stress riser and the rate of healing. 

The iliac block in a Maquet osteotomy should be 
placed well proximal and should be flush with the end 
of the shingle. This placement minimizes the risk of 
fracture of the proximal end of the shingle. If the distal 
hinge of the shingle fractures, even postoperatively, in- 
ternal fixation is indicated. 

Skin Slough 

Skin and wound problems have largely accounted for 
the high complication rates associated with Maquet- 
type osteotomies. The two are almost synony- 
mous. 36,37,40,51 Moreover, it is not uncommon 
for these soft tissue problems to progress to osteo- 
myelitis. • 

Solution Strategies. The complication can be pre- 
vented in several ways. Limiting the anterior transla- 
tion^^ can decrease tension on the skin, but it can also 
compromise the effectiveness of the unloading. Fergu- 
son et aF^ and Radin and Labosky^^ proposed modi- 
fiying the longitudinal skin incisions to more transverse 
or oblique ones to minimize the dissection and possi- 
bility of dehiscence. Several authors have advocated 
“fish mouthing” or “pie crusting” the skin to decrease 
tension. 36 However, this technique has the 
consequence of opening multiple portals to the deep 
wound — the implications of which are obvious. SiegeF^ 
discussed the preoperative use of tissue expanders. 



Mendes et aF^ described a preoperative “skin pinch 
test”: if the skin can be pinched and pulled forward, ad- 
equate expandibility exists. Some authors have advo- 
cated avoiding fixation hardware, although this increases 

the risk of graft or shingle displacement. 

Skin at risk can be salvaged in some cases. Splinting 
the knee in extension for 1 to 3 weeks can limit ten- 
sion until adequate collateral circulation is established. 
Dressings should not be stretched too tightly, and com- 
pressive casts over the shingle should be avoided. Ex- 
perience with vasodilators or leeches has not been re- 
ported but may be an option if one is faced with 
impending massive skin necrosis. If other methods are 
unsuccessful, the wound can be reopened to release ten- 
sion, dressed sterilely, and closed using a progressive 
wound closure device, such as Sure-Close (Life Medical 
Sciences, Princeton, NJ) or one of the coverage meth- 
ods listed later in this chapter. 

The approach to established wound sloughs must be 
individualized. Early wound control and coverage ap- 
pears to offer the best prognosis. All devitalized and for- 
eign material, such as fixation devices, should be de- 
brided. Dead and infected bone should be saucerized. If 
in doubt, take it out! Temporizing coverage can be 
achieved with Silvadiene (Sure wood Medical, St. Louis, 
MO) or Biobrane (Don Hickman Pharmaceuticals, Sug- 
arland, TX) or equivalent synthetic skin. Definitive cov- 
erage is accomplished by a skin graft, local rotation 
flap,^^ local muscle flap (gastrocnemius head), or free 
flap. 

Progressive Arthrosis 

Arthrosis was reported to occur in 60% to 70% of 
Hauser-type distal realignments. Inherent in the Hauser 
procedure was a posterior rather than an anterior dis- 
placement that actually resulted in an increase in 
patellofemoral contact forces. In a comparison of Elm- 
slie-Trillat procedures with proximal realignments alone, 
Cohen et aF^ found no difference in the progression of 
arthritis based on type of procedure. Rather, progres- 
sion correlated with age and preexisting arthritis at the 
time of the index procedure. Other authors reported 
progressive arthrosis after Maquet osteotomies when the 
surgical goals were not accomplished. 

Solution Strategies. If the procedure’s original goals 
are not met, consideration may be given to revision re- 
alignment with limited debridement of osteophytes and 
synovectomy. If an unloading-type procedure was not 
performed initially, anterior transposition may provide 
relief of symptoms. This decision is highly patient- 
specific, based on personality, age, activity, and degree 
of arthrosis. Salvage options include arthroplasty and 
patellectomy. 
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Osteotomy; in the Presence of 
Total Knee Components 

Although it has been used more often in the past for 
extensile exposure in complex procedures, authors are 
advocating the importance of rebalancing the extensor 
mechanism as a component of a total knee arthroplasty 
even if it involves osteotomy of the tubercle. Studies 
of tubercle osteotomy in total knee replacement surgery 
report complication rates as high as 23% that were re- 
lated directly to the tubercle osteotomy and failure of 
the method of fixation to achieve rigid fixation. The 
presence of total knee components and, in particular, 
the stemmed cemented tibial components present added 
challenges because the stem and cement usually lie di- 
rectly deep to the osteotomy site. In these patients, tra- 
ditional fixation methods can be difficult to orient around 
the component or can fracture a freshly cured cement 
mantle. The defect from some osteotomies may serve 
to destabilize the tibial component. 

Solution Strategies. With these thoughts in mind, 
special surgical tactics, such as those reported by Masini 
and Stulberg,^^ continue to be developed. The use of 
fixation staples that span rather than perforate the tu- 
bercle fragment and preserve medial and lateral soft tis- 
sue sleeves typify these approaches. 

Donor-Site Morbidify 

This problem is unique to the Maquet osteotomy be- 
cause of the need for an iliac crest graft. The problems 
encountered, however, are common to those associated 
with any iliac crest graft — scar tenderness, hematoma, 
and hernia. 

Solution Strategies. Methods that preserve the inner 
and outer table periosteal sleeve, hemostasis using bone 
wax or other hemostatic agents as needed, drains, and 
sound closure help the surgeon to avoid these donor- 
site problems. Difficult herniations may require the use 
of mesh or other advanced hernia repair techniques to 
achieve success. 

Postsurgical Complications (Distant) 

Compartment Syndrome 

Compartment syndromes have been reported in Hauser 
procedures, although they are more likely to occur in a 
Maquet or an anteromedialization procedure. In these 
procedures, a large surface area of communication is 
created between the tibial intramedullary canal and an- 
terior compartment. The swelling and subsequent 
ischemia can rapidly spread to compartments in the leg. 
If it is unrecognized and untreated, disastrous and per- 
manent neurovascular damage results. 
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Solution Strategies. A high index of suspicion must 
always be maintained. Intracompartmental pressure 
measurements should be obtained when patients report 
pain out of proportion to the situation, tense compart- 
ments are palpated, and pain is accentuated by passive 
stretching of muscles in a suspected compartment. 
These symptoms coupled with findings of high com- 
partmental pressure readings constitute a surgical emer- 
gency and the need for immediate fasciotomy.^^ No 
good solution exists for the missed compartment syn- 
drome. 

Reflex Sympathetic Dystrophy 
Although they are a rare occurrence, injuries to or 
surgery on the patellofemoral joint account for a large 
percentage of reflex sympathetic dystrophy cases in 
knee patients. Functional use and meaningful re- 
habilitation of the extremity is largely halted until the 
dystrophic process can be arrested. Surgery should not 
be undertaken in patients with reflex sympathetic dys- 
trophy until the dystrophy has been treated and is 
largely, if not completely, resolved. 

Solution Strategies. Authors agree that the best 
prognosis comes when treatment is instituted early 
after the onset of reflex sympathetic dystrophy. 
Narcotic analgesics must be rapidly tapered and dis- 
continued. Detoxification measures may be required. 
Medications that raise the pain threshold, such as tri- 
cyclic antidepressants, nonsteroidal antiinflammatory 
drugs (NSAIDs), and high doses of anxiolytics are indi- 
cated, as well as psychological evaluation and support. 
A high priority in the early phase of treatment is to 
break the pain cycle and sympathetic dysfunction. 
Although isolated lumbar sympathetic blocks have 
reportedly been successful, we prefer continuous 
epidural infusion for several days’ duration. Range of 
motion and other physiotherapy desensitization modal- 
ities are initiated and continued as the mainstay of treat- 
ment as the epidural doses are tapered. We have seen 
greater success when these measures are offered as an 
intense inpatient program. 

Deep Venous Thrombosis 

Also rarely, postoperative deep venous thrombosis has 
been linked to osteotomies of the tubercle. The 

use of anticoagulation in patients who have had an os- 
teotomy (particularly the long shingle-type techniques) 
balances the risk of deep venous thrombosis against the 
risk of excessive bleeding, wound complications, infec- 
tion, and compartment syndrome. 

Solution Strategies. Full anticoagulation can be de- 
ferred in favor of pneumatic compression pumps, stock- 
ings, early motion, vena cava umbrellas, and delayed or 
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subtherapeutic early anticoagulation. The exact tactic 
must be individualized by considering each patient’s 
unique risk factors. A diagnosed postoperative deep ve- 
nous thrombosis requires anticoagulation and activity 
modification. 

Neurovascular Compromise 

Although no major arteries or nerves are directly adja- 
cent to the tibial tubercle, rare reports of neurovascular 
compromise exist. As discussed previously, the peroneal 
nerve is dependent when the leg rolls into slight exter- 
nal rotation, a normally assumed posture at rest. Blood 
accumulates in the nerve sheath resulting in a neuro- 
praxic-type dysfunction.^^ 

The anterior tibial artery or its branches can be vul- 
nerable in an osteotomy that splits the lateral face in 
the proximal tibia. Wall^^ reported 11 such cases that 
resulted in occult bleeding and compartment syndrome. 
This vulnerability is greatest with a Maquet-type os- 
teotomy, less with anteromedialization, and virtually ab- 
sent in an Elmslie-Trillat-type osteotomy. 

Solution Strategies. Awareness and prevention are 
the best treatment. Fortunately, peroneal neuropraxia is 
usually transient and resolves spontaneously. Serial 
nerve conduction studies that fail to show improvement 
can prompt exploration and neurolysis. 

A high index of suspicion and awareness of the pos- 
sible injury to the anterior tibial artery should be main- 
tained when performing Maquet or anteromedial os- 
teotomies. 

Rehabilitation 

Problems with rehabilitation programs have included 
stiffness, hardware failure, and fracture. Fulkerson and 
coworkers"^^ report a high percentage of stiffness in pa- 
tients immobilized in extension for 1 month versus those 
treated by immediate motion postoperatively. One pa- 
tient from their original series required manipulation due 
to the lack of adequate rehabilitation. Hardware pull- 
out has been reported in all three types of osteotomies 
as a result of early aggressive rehabilitation. Early 

full weight bearing after a large-shingle-type osteotomy 
carries an unacceptable risk of proximal tibial fracture. 

Solution Strategies 

The current consensus for a rehabilitation program that 
adds no additional risk of complications emphasizes 
early motion of 0 to 90 degrees. As the osteotomy heals, 
it also includes progressive strengthening consisting of 
high repetition, no resistance isotonic and low stress iso- 
metrics, initially, followed in 4 to 6 weeks by progres- 
sive resistance and eccentric closed-chain strengthening. 
Protected weight bearing is indicated for 4 to 6 weeks 
after surgery, especially with shingle-type osteotomies. 



CONCLUSION 

Surgery on the extensor mechanism of the knee chal- 
lenges our ability as surgeons. In general, osteotomies 
are advanced procedures and should not be left to the 
inexperienced surgeon. It therefore follows that os- 
teotomies involving the extensor mechanism are highly 
demanding and fraught with pitfalls for even the most 
experienced surgeon. The best way to avoid the com- 
plications associated with these surgical procedures is to 
prevent them. Understand the anatomy. Understand the 
indications. Understand the goals. Knowing how others 
got into trouble can be our best teacher. 
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Chapter 18 



Complications and Pitfalls in Injuries of the 
Quadriceps and Patellar Tendon 



M. Mike Malek 



njuries to the quadriceps and patellar tendons gen- 
erally occur with rapid contraction of the quadriceps 
with varying degrees of flexion. In younger individ- 
uals, tears usually are midsubstance and through the ten- 
don; in older individuals, tears generally occur at the at- 
tachment site (avulsion). 

It has been reported that tendinous ruptures occur 
through a preexisting pathologic condition of the ten- 
don.^ The most frequent causes are gout, repeated mi- 
crotrauma, arthritis, fatty degeneration, calcifications/ 
calcific tendinitis, diabetes, metabolic diseases and tu- 
mors. Steroid injections into the tendon can also be a 
causative factor. Acute trauma is an obvious cause of 
injuries to the quadriceps and patellar tendon and can 
be in the form of a direct blow or penetrating wound/lac- 
eration (Fig. 18.1). 

Presently, surgical management of quadriceps and 
patellar tendon ruptures is the standard of care in dis- 
ruptions of these tendons. Varieties of techniques have 
been described in surgical repair and reconstruction of 
the quadriceps and patellar tendons. The goal should be 
to restore the anatomic and functional integrity of the 
extensor mechanism. There also is a demographic vari- 
ation in reference to ruptures of the quadriceps and patel- 
lar tendons. Siwek and Rao^ reported on 117 tendon 
ruptures of which 88% of quadriceps tendon ruptures 
were in patients 40 or over, while 80% of patients with 
patellar tendon rupture were less than 40 years of age. 



CLINICAL CONSIDERATION: 
QUADRICEPS/PATELLAR TENDON 

Generally early surgical treatment of quadriceps and 
patellar tendon disruptions are associated with better 



anatomic and functional outcome with little or no resid- 
ual morbidity. Those injuries detected after 3 to 4 weeks 
and treated surgically may not achieve optimum results 
in contrast with those detected and treated early. With 
this in mind, it is extremely important to identify and 
treat these ruptures as soon as possible. 

Quadriceps 

It is generally agreed that a key to successful surgical 
treatment of quadriceps ruptures is early diagnosis and 
surgical repair within the first week and ideally within 
72 hours of the injury. To identify this condition, the 
following factors are helpful: 

1. A detailed history, with special attention to the mech- 
anism of injury, is important. The mechanism of in- 
jury in quadriceps ruptures is a sudden contracture 
of the quadriceps and/or hyperflexion. Hyperflexion 
injury is quite common in weight lifting (Fig. 18.2). 

2. Usually there is a loud pop, immediate severe pain, 
and a large joint effusion (hemarthrosis) within min- 
utes (Fig. 18.3). 

3. The patient is not able to extend the knee fully and 
is not able to lift the leg against gravity. 

4. A palpable gap/defect above the superior pole of the 
patellar tendon can be palpated. 

5. Extreme tenderness is present at the tear junction. 

6. There are positive findings on plain radiography and 
magnetic resonance imaging (MRI). On plain radi- 
ography (Fig. 18.4) an anterior tilt of the superior 
pole of the patella is present on lateral view in acute 
cases. In chronic situations there may be the pres- 
ence of patella baja. MRI is best for identifying tears 
of the quadriceps tendon, especially the partial tears. 
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Figure 18.1. A 19-year-old woman who was involved in an 
automobile accident sustained a laceration on the anterolat- 
eral aspect of the knee, just above the tibial tubercle, which 
was primarily sutured in the emergency room. However, the 
complete laceration and disruption of the patellar tendon was 
missed. The finger points to the gap in the area of patellar 
tendon disruption (6 weeks postinjury). 

Pitfalls 

The following are the main pitfalls when dealing with 
acute rupture of the quadriceps tendon: 

1. Not recognizing the extent of injury — partial or total. 

2. In cases of total disruption, not proceeding with sur- 
gical repair within the first week and preferably within 
the first 72 hours. 




Figure 18.3. Ten minutes following acute disruption of 
quadriceps in another weight lifter’s knee with large and in- 
tense hemarthrosis. 

3. In cases of surgical repair, not performing an ade- 
quate and solid repair and augmentation, if necessary. 

4. Not protecting the repair within the first 6 to 8 weeks 
after surgery. 

Complications 

The following complications are common with delayed 
diagnosis and inappropriate surgical repair (general 
complications of knee surgery are not included): 

1. Quadriceps insufficiency: This condition occurs with 
delay in diagnosis or neglected quadriceps rupture. 
Most cases develop patella baja, and a palpable and 




Figure 18.2. A: A 40-year-old power lifter in the process of lifting 500 pounds. Both knees at hyperflexion are ready to con- 
tract and go to extension, lifting weights over the shoulders. B: Seconds later, the right quadriceps ruptures with a loud pop and 
excruciating pain. 
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Figure 18.4. Anterior tilt of the superior pole of the patella 
on lateral x-ray view in the acute tear of the quadriceps 
tendon. 



at times visible gap can be noted just above the su- 
perior pole of the patella. 

2. Rerupture: In cases of inadequate repair and/or in- 
adequate postoperative protection, tendon rerupture 
is common (Fig. 18.5). 

3. Calcific tendinitis: This is a predisposing factor for 
rerupture of the tendon in cases of repeated trauma. 

4. Myositis ossifications: These generally occur post- 
surgically and do not interfere with tendon healing 
at the repair site. 



5. Patella baja: This condition may develop even in 
cases of functional quadriceps tendon (Fig. 18.6). 

6. Arthrofibrosis: This condition generally is due to scar- 
ring in the suprapatellar pouch. There may be a need 
for arthroscopy and release of adhesions, but no ear- 
lier than at 12 weeks postoperation. 

7. Patellofemoral malalignment and excessive lateral 
pressure syndrome: This condition develops sec- 
ondary to surgical dissection and tight closure of the 
vastus lateralis and its extension. Arthroscopic eval- 
uation and management are necessary in cases of 
continuous symptoms. 

SURGICAL REPAIR/RECONSTRUCTION 
ACUTE QAUDRICEPS RUPTURE 

In most cases quadriceps rupture occurs just above the 
insertion of the tendon to the superior pole of the patella 
with approximately V 2 inch of stump attached to the 
patella. Numerous surgical techniques have been de- 
scribed for repair of acute quadriceps ruptures. 

Early reports described direct repair using catgut or 
silk.^”^ Gallic and Lemesurier"^ have described the use 
of free fascial graft. McLaughlin^ described the traction 
suture technique in 1947. Scuderi^ described in 1958 
his technique of a midline incision where the ruptured 
tendon was repaired end to end after debridement of 
the edges. This was followed by reinforcement by a tri- 
angular proximal tendon flap. All these authors have re- 
ported satisfactory results with their techniques. 





B 



Figure 18.5. A: A 40-year-old man with rerupture of quadriceps X 3. Eventually with a combination of allograft and synthetic 
rod the quadriceps integrity was restored and the patient returned to his original level of activity after 2 years of treatment. The 
synthetic rod (W.H. Gore) was removed 9 months after reconstruction. (This synthetic rod is no longer on the market in the 
United States. B: Once the synthetic rod is fixed in place, the quadriceps tendon is covered with a fascia lata allograft in a wrap- 
around fashion. 
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Figure 18.6. Three years following untreated quadriceps rup- 
ture in a 42-year-old male construction worker. Lateral radi- 
ograph shows distal migration of the patella. There is weak- 
ness of the quadriceps, with difficulty in knee flexion beyond 
90 degrees. 

Author’s Preferred Technique 

The knee is prepped and draped in the usual sterile fash- 
ion. Unless specifically indicated for the presence of in- 
traarticular pathology, arthroscopy is not performed. 
The quadriceps rupture site is exposed through a 4- to 
6-inch longitudinal midline incision. The lower end of 
the incision generally will be at the level of the superior 
pole of the patella. 

The medial and lateral retinaculum is examined and 
the two ends of the ruptured tendon are identified. In 
cases of closed injuries without a penetrating wound or 
foreign bodies, very minimal debridement of the edges 
is sufficient. 

The stump attached to the superior pole of the patella 
is vertically divided into two anterior and posterior seg- 
ments, and a groove of approximately 2 to 3 mm deep 
and about 3 cm wide at the superior pole of the patella 
is created (Fig. 18.7) utilizing a dental burr. Four pairs 
of nonabsorbable sutures (no. 1 Ethibond, Ethicon, 
Somerville, NJ) are passed through the upper portion 
of the quadriceps tendon utilizing the Bunnell or 
Krackow method (Fig. 18.8). Once the sutures are 
passed, the proximal end of the quadriceps is brought 
into the previously prepared groove. This groove also 
has four tunnels created in it proceeding to the mid- 




Figure 18.7. Arrows point to the superior pole of the patel- 
lar pole, where a transverse groove of 2 to 3 mm in depth 
will be created using a dental burr. 

portion of the patella with a Kirschner wire (K-wire). 
Each pair of sutures is passed through its own desig- 
nated tunnel, and after they all have been passed and 
the proximal tendon end is completely seated in the 
groove suture and then tied over the anterior aspect of 
the patella, additional repair of the medial and lateral 
retinaculum is performed when needed. 

The anterior and posterior stump, which was previ- 
ously divided, is then sutured back to the tendon for re- 
inforcement. The recent development of suture anchors 
has made this reattachment technically easier and 
stronger. In this fashion usually four anchors are placed 
into the prepared groove, about 7 mm apart, and su- 




Figure 18.8. Four or five pairs of sutures are passed through 
the proximal quadriceps tendon and pulled down until they 
are seated in the prepared groove. This can be easily accom- 
plished by the use of suture anchors. 
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tures are then passed through the proximal tendon seg- 
ment, pulling it down into the groove (Fig. 18.8). Post- 
operative radiographs (Fig. 18.9) show the placement 
of the anchors in the anteroposterior (AP) and lateral 
projections following quadriceps repair. A circlage wire 
through the tendon above the repair site and trans- 
versely through the patella can also augment this repair. 
The circlage wires are then removed at 6 weeks post- 
operation (Fig. 18.10). 

In chronic cases and in repair of reruptured quadri- 
ceps tendons where there is significant scar tissue, fi- 
brosis, or calcifications, there may be a need for a staged 
procedure in which the proximal tendon needs to be 
stretched and the patella may need to be lifted from its 
contracted position. In severe cases of patella baja, this 
condition needs to be addressed prior to undertaking 
the repair of the quadriceps tendon. 




Figure 18.9. A,B: Five suture anchors have been utilized in 
reattaching the quadriceps tendon to the superior pole of the 
patella 




Figure 18.10. Circlage wire is utilized to reinforce the repair. 



Allograft also is useful in cases where there is signif- 
icant gap and tissue loss. Artificial materials previously 
available for this technique are no longer in use in the 
United States (Fig. 18.5). 

Postoperative Rehabilitation 

Generally it is recommended to immobilize the knee for 
6 weeks. At the end of this period any hardware is re- 
moved, and gradual and gentle range of active and pas- 
sive motion is instituted. The quadriceps mechanism is 
not stressed for up to 12 weeks postoperation and iso- 
kinetic exercises are not utilized. A program of flexibil- 
ity, closed chain, and pool therapy is utilized from 8 to 
16 weeks postoperation, at which time the rehabilita- 
tion program is intensified until full range of motion and 
strength is achieved. Contact sports are not allowed for 
up to 9 months postoperation, nor are weight-lifting ac- 
tivities. The power lifter illustrated in Fig. 18.2 returned 
to competitive weight lifting following his quadriceps re- 
pair and won the world championship in his age cate- 
gory at the age of 40 by lifting 665 pounds (Fig. 18.11). 

PATELLAR TENDON RUPTURES 

Ruptures of the patellar tendon are less common than 
those of the quadriceps tendon. Patellar tendon disrup- 
tions usually occur in younger individuals. Those dis- 
ruptions associated with athletic injuries usually follow a 
preexisting patellar tendinitis or jumper’s knee condi- 
tion. Traumatic patellar tendon rupture may be associ- 
ated with other musculoskeletal injuries, especially in 
high-speed motor vehicle accidents, and may go unrec- 
ognized and thus untreated due to the severity of asso- 
ciated injuries (Fig. 18.1). 
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Figure 18.11. A 40-year-old power lifter 10 months after 
quadriceps tendon repair competing in the world champi- 
onship in his age category. He won with a lift of 665 lbs. 

Steroid injections into the patellar tendon have been 
associated with rupture of these tendons at a later date.^ 
Most patellar tendon ruptures occur at or close to the 
insertion into the lower pole of the patella (Fig. 18.12), 
except those caused by a direct blow or laceration, which 
may be at any level. 

As previously mentioned in the case of quadriceps 
tendon, early recognition and surgical treatment are the 
key to a successful outcome. The following is a list of 
steps necessary to make an early diagnosis; 




1. A detailed history, including mechanism of injury. 

2. A careful and detailed examination of the involved 
and uninvolved knee, including observation, palpa- 
tion, and assessment of active and passive range of 
motion. Individuals with complete disruption of the 
patellar tendon are not able to lift the extremity 
against gravity in a straight fashion. 

3. Presence of a very tender and painful gap, which is 
palpable in the area close to the inferior pole of the 
patella, especially in cases of acute ruptures. 

4. Positive radiographic and MRI findings. A plain AP 
and lateral view of the injured and uninjured knee al- 
ways should be taken for determination of patellar 
tendon length and assessment of patella alta. In com- 
plete patellar tendon rupture, almost always a de- 
tectable and noticeable patella alta is present com- 
pared to the opposite knee (Fig. 18.13). MRI is very 
helpful in partial disruptions and avulsions. In chronic 
cases or reruptures, MRI is helpful in preoperative 
assessment of the remaining tendon and appropri- 
ate surgical planning (Fig. 18.14). 

Pitfalls 

The following are the main pitfalls when dealing with 

acute ruptures of the patellar tendon: 




Figure 18.12. Patella tendon avulsion from the inferior pole 
of the patella. Arrows point to the area of avulsion. 



Figure 18.13. Patella alta in a chronic and untreated patella 
tendon rupture. 
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Figure 18.14. MRI of an untreated rupture of the patella ten- 
don. The superior and inferior stump of the patellar tendon 
is marked by the arrows. 



1. The extent of injury, partial or total, is not recog- 
nized. 

2. End-to-end repair is not usually sufficient and will lead 
to a stretched patellar tendon and a very high riding 
patella (pathologic patella alta), with resulting func- 
tional difficulties and instabilities. 



3. In cases of disruption close to the tibia tubercle, 
pulling on the upper position of the tendon with fix- 
ation to the patella will lead to development of patella 
baja and functional difficulties associated with it (Fig. 
18.15). 

4. Early motion with only end-to-end repair will lead to 
pathologic lengthening of the patellar tendon and 
patella alta. 



Complications 

1. Patella alta: Unrecognized and untreated patellar ten- 
don ruptures will lead to a chronic patella alta with 
recurrent episodes of instability, weakness of leg ex- 
tensions, and difficulty in activities of daily living. 

2. Patella baja in cases of excessive traction and patella 
tendon reattachment (Fig. 18.16). 

3. Arthrofibrosis: In the presence of arthrofibrosis with 
limited range of motion, arthroscopic debridement 
of the infrapatellar fat pad and gentle controlled ma- 
nipulation is indicated after 6 weeks. Circlage wires 
must be removed prior to manipulation. 

4. Broken and dislocated hardware. 

5. Posttraumatic chondromalacia of the patella and an- 
terior knee pain. 



Surgical Management 

In 1947 McLaughlin^"^ reported the repair of the patel- 
lar tendon end to end with reinforcement by stainless 
steel wire anchored to a bolt inserted across the tibial 
tubercle. The wires are removed at 8 weeks. 



Figure 18.15. A,B: Six-week status post-patella tendon rupture. The tendon is debrided and reattached by staple to the area 
of the tibial tubercle. 
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Figure 18.16. Postoperative iatrogenic patella baja. 



In 1957 Kelikian et al^ described a technique for re- 
construction of the patellar tendon using the semitendi- 
nosus tendon. This procedure was used in chronic cases 
where a preliminary procedure had been performed uti- 
lizing traction pins to mobilize the patella prior to re- 
construction with the semitendinosus. In 1979 Ecker et 
al^ described using the semitendinosus and gracilis in 
cases of late reconstruction. In this technique preoper- 
ative traction was not required. 

In 1980 Frazier and Clark^^ reported on the use of 
a 5-mm Dacron vascular graft to repair acute ruptures 
of the patellar tendon with good results. In 1981 Siwek 
and Rao^ recommended reinforcement by Bunnell pull- 
out wires tied to a Steinman pin through the tibia or 
through both the tibia and patella for all immediate 
repairs. 

In 1980 Miskew et aE^ recommended the use of Mer- 
silene (Ethicon) strips for the repair of quadriceps and 
patellar tendon disruptions. In 1988 Mandelbaum et aE^ 
described a technique in which a Z-plasty of the quadri- 
ceps tendon as well as the patellar tendon in neglected 
tears of the patellar tendon were performed. With this 
technique, the authors brought down the proximally re- 
tracted patella and shortened the stretched and non- 
functional patellar tendon. 

In 1994 Falconiero and Pallis^^ reported on the use 
of the Achilles tendon allograft for reconstruction of a 
chronic patellar tendon rupture. In 1994 Hsu et re- 
ported on a primary repair with neutralization wire, re- 
inforcement, with 85% of the results rated excellent or 
good. No reruptures were reported in their series. 



In 1995 Larsen and Simonian^^ reported on their 
technique of patellar tendon repair and augmentation 
with the semitendinosus and with immediate mobiliza- 
tion. Four cases were reported with excellent functional 
outcome. In 1998 McNally and Marcelli^^ reported on 
the use of Achilles tendon allograft reconstruction for a 
chronic patellar tendon rupture. 

Author’s Preferred Method 

Acute Ruptures of the Patellar Tendon 
If there is functional and usable tendon present at one 
end, midsubstance tears are carefully debrided and reap- 
proximated with nonabsorbable suture. The position of 
the patella is determined radiographically. Once intra- 
operative lateral films are obtained and compared with 
preoperative views of the opposite knee, then a circlage 
neutralization wire is utilized for reinforcement (Fig. 
18.17). This technique allows up to 45 degrees of flex- 
ion from 0 degrees in the early postoperative phase 
without undue tension at the repair site. Wires are then 
removed at 6 weeks postoperation and a careful pro- 
gram of physical therapy and rehabilitation is instituted. 

Tears close to the inferior pole of the patella or as- 
sociated with small avulsion fractures are reattached to 
the lower pole after excision of the avulsed fragment. 
This can easily be accomplished with the placement of 
three suture anchors into the patella and reattachment 
of the patellar tendon to the lower pole of the patella. 
With appropriate postoperative brace protection, addi- 
tional circlage or neutralization wire is not necessary. 

Chronic or Unrecognized Patellar 
Tendon Ruptures 

In these cases if severe quadriceps contracture or fibro- 
sis is present, skeletal/patellar traction is usually neces- 
sary to bring the patella down and stretch the contracted 
and fibrotic quadriceps. However adequate medial and 
lateral releases are also necessary to allow adequate 
mobilization of the patellar prior to repair. Again, the 
patellofemoral relationship should be compared to the 
opposite knee radiographically prior to the final repair/ 
reconstruction. 

In cases of severe patellar stretch and thus patella 
alta, the author’s preferred method is an exchange tib- 
ial tubercle plasty rather than a double Z-plasty described 
by Mandelbaum et al.^^ 

In this technique the tibial tubercle is osteotomized as 
a block, generally 2 cm by 2 cm. This is then pulled 
down until the patella reaches a level equal to the op- 
posite side radiographically. The release of any fibrotic 
tissue and adhesions in the area of the prepatellar fat 
pad can easily be carried out simultaneously. 

This technique can be easily accomplished by re- 
flecting the osteotomized tibial tubercle proximally. 
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Figure 18.17. A,B,C,D: Schematic 
drawing of a patellar tendon rup- 
ture at different levels repaired 
and reinforced by circlage wire. 

E: Maintenance of patellar tendon 
height with circlage wire. 



Once the appropriate level on the tibia is identified and 
marked, a block of 2 cm by 2 cm bone will be removed 
from this area. This block is fixed into the defect where 
the tibial tubercle had been osteotomized (Fig. 18A,B). 
Then the osteotomized tibial tubercle is seated into the 
new insertion site and is fixed with a bicortical screw 
(Fig. 18.18C), creating an elongated patellar tendon 



with adequate tension. Measurements are taken from 
the lower pole of the patella, again comparing to the 
preoperative lateral x-ray of the opposite knee. The 
elongated patellar tendon is then attached to the ante- 
rior tibia by staple or by two suture anchors 2 inches 
below the lower pole of the patella and above the pre- 
viously reattached tibial tubercle. If it is decided to rein- 










c 




B 



Figure 18.18. A,B: Exchange tibial 
tubercle plasty. C: New position of 
the patellar tendon, which is trans- 
ferred distally (arrows). The block 
fixation to the original tibial tuber- 
cle site is shown (small arrow). 




Figure 18.19. A: Postoperative range of motion in patient with exchange tibial tubercle plasty. Figure A shows full extension 
in standing position and figure B demonstrates full flexion, identical to the opposite side. 
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force the new patella ligament, this can be accomplished 
by using the semitendinosus or an allograft. We have 
not found this to be necessary with our technique. 

Postoperatively, the knee is kept in a cylinder cast 
for 3 weeks, at which time a program of physical ther- 
apy and rehabilitation is instituted. We have performed 
this technique since 1982 and have experienced excel- 
lent outcomes with full range of motion, return to the 
preinjury level of activity, and no residual morbidity (Fig. 
18.19). 

CONCLUSION 

Quadriceps and patellar tendon ruptures should be di- 
agnosed immediately and treated surgically for optimum 
functional recovery. Partial disruptions should also be rec- 
ognized with the help of MRI and protected until com- 
plete healing has taken place. Restoration of the 
anatomic and functional integrity of the extensor mech- 
anism is most important for a full and complete recov- 
ery and return to the preinjury level of activity and sports. 
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F ractures of the distal third of the femur have tra- 
ditionally been and continue to be very challeng- 
ing injuries for the orthopedic surgeon. Motor ve- 
hicle accidents and escalating urban violence contribute 
to an increasingly difficult fracture population. Due to 
the violent nature of these injuries, the selection of ap- 
propriate treatment may pose a significant challenge to 
the orthopedist. One needs to be aware of not only the 
fracture pattern and the best way to “put the puzzle back 
together,” but also of the extent of soft tissue injury, 
contamination, and neurovascular complications. Each 
method of treatment for these injuries is associated with 
many potential complications. Early complications, such 
as infection, loss of reduction, compartment syndrome, 
and medically related problems, need to be immediately 
recognized and treated to prevent a poor outcome. Late 
complications, such as delayed union, nonunion, hard- 
ware failure, malunion, leg length discrepancy, stiffness, 
and degenerative joint disease, can be lessened or pre- 
vented with adequate preoperative evaluation, planning, 
and a thorough knowledge of the most up-to-date treat- 
ment methodology. 

This chapter provides a brief historical review of the 
treatment of distal-third fractures of the femur, the ma- 
jor complications most commonly encountered, how they 
can be avoided, and how to salvage a poor outcome. The 
principles of modern management include anatomic re- 
duction, stable fixation, and early mobilization. 

HISTORICAL REVIEW 

Prior to the 1900s, the treatment of supracondylar fe- 
mur fractures consisted of strict splint or cast immobi- 
lization of the entire affected leg, without adequate con- 



trol of limb alignment. The advent of traction pins in 
1907 by Steinmann and 1909 by Kirschner enabled the 
physician to better resist the deforming forces at the 
fracture site.^ Advances in skeletal radiography im- 
proved the physician’s ability to achieve acceptable re- 
duction of the fracture. Yet, prolonged immobilization 
in traction or a cast required serial x-ray follow-up 
and clinical adjustment, and frequently resulted in pro- 
found knee stiffness. Outcomes with closed treatment 
prompted most authors to eventually advocate opera- 
tive treatment for all distal femur fractures. 

The development of intramedullary (IM) fixation and 
plate devices in the 1930s provided a more stable fix- 
ation construct. Kuntscher^ is credited with advancing 
the IM nail technique. Campbell^ described the appli- 
cation of a plate with bolts and screws (Blount plate). 
Rush pin techniques were also popular in the treatment 
of supracondylar fractures in the 1940s and 1950s. 
Early attempts at open reduction and internal fixation 
were met with poor results secondary to problems with 
infection and loss of fixation. 

In 1956, White and Russin"^ suggested that open re- 
duction with internal fixation (ORIF) was the standard 
of care for treatment of supracondylar femur (SCF) frac- 
tures, although 25% of their patients did poorly. The 
Swiss Arbeitsgemeinscaft fiir Osteosynthesefragen (AO) 
was formed in 1958 and recommended anatomic re- 
duction, preservation of blood supply, stable internal fix- 
ation, and early pain-free mobilization. Rigid internal 
fixation, as advocated by the Swiss AO, proved to be a 
more effective method of restoring early motion to the 
injured limb. In the 1970s, Schatzker and coworkers^’^ 
promoted AO principles and techniques, and concluded 
that previous poor results in treating SCF fractures were 
due to improper implants, poor anatomic reduction, fail- 
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ure to achieve interfragmentary compression with lag 
screws, improper use of cement to facilitate screw fix- 
ation, and failure to bone graft when necessary. Chiron 
and coworkers^ reported 75% good to excellent results 
utilizing AO technique and the condylar blade plate. 

Closed treatment methods were still being considered 
the standard of care as late as the 1960s and 1970s. 
Neer and coworkers^ followed treatment of 110 frac- 
tures of the distal 3 inches of the femur and reported 
that “no category of fracture at this level seemed well 
suited for internal fixation.” They reported only 52% 
with satisfactory results with existing ORIF implants con- 
sisting of blade plates. Rush pins, plate and screw, or 
wire constructs. Other researchers also advocated closed 
reduction and early cast-brace ambulation. Retro- 
spectively, the implants of that era where inferior to 
those of today. 

In another review of SCF fractures, Flealy and 
Brooker^^ in 1983 compared closed versus surgical 
treatment (blade plate and screws) using stringent stan- 
dards for normal limb function. In their series, 80% of 
patients treated by open measures had good functional 
results. Only 35% of patients achieved even satisfactory 
results when treated by closed methods. The superior- 
ity of open treatment was soon supported by other au- 
thors. 

The dynamic condylar screw (DCS) and side plate has 
generally replaced the 95-degree blade plate for acute 
fractures. The blade plate could be technically difficult 
to install if there was significant comminution. The DCS 
is inserted after drilling a path for the screw, which is 
much less traumatic than precutting the seat for the 
blade plate with a chisel. The insertion of the screw is 
safer, as it can be screwed in rather than hammered in, 
avoiding displacement of a previously reduced fracture. 
The lag screw is biomechanically advantageous, as it can 
compress intracondylar fracture extension. Schatzker 
and coworkers^^ have shown that the DCS and side 
plate is an excellent treatment option for fractures in 
the distal femur. 

Other plate and screw constructs such as the condy- 
lar buttress plate have been used with varying degrees 
of success. The problem with this implant is that it is 
not as mechanically strong as the blade plate or the DCS 
plate because there is no fixed relationship between the 
screws and the plate. Often, the fracture falls into varus. 
To overcome this problem, adjunctive medial fixation 
has been recommended by some.^^ This requires addi- 
tional periosteal dissection and should be avoided if the 
fracture can be stabilized by some other method. There 
has been recent interest in the use of plates with locked 
screws to improve fracture fixation. A new condylar 
plate device is being developed that allows the plate/ 



screw construct to act as a fixed-angle device. Prelimi- 
nary biomechanical data have shown significantly 
greater fixation stability than both a standard buttress 
plate and a 95-degree blade plate in a distal femoral 
gap osteotomy model. This device may be promising 
clinically in fractures with a high degree of comminu- 
tion or osteoporosis. 

The last 20 years have brought improvements in in- 
tramedullary techniques. The Zickel nail, interlock- 
ing antegrade nail, and the newer retrograde nail have 
been introduced. Intramedullary techniques are useful 
when soft tissue damage is extensive or bone quality 
is poor. Reasonable supracondylar fracture alignment 
can be obtained without further sacrificing soft tissue. 
Shelbourne and Brueckmann^^ demonstrated that with 
proper technique. Rush-pin fixation could be used suc- 
cessfully to treat supracondylar fractures. External splint 
or cast support is required and knee stiffness is a po- 
tential complication. Pin backout, loss of reduction, 
malunion, and the inability to address intercondylar dis- 
placement are limitations. 

In an attempt to overcome some of the pitfalls of 
Rush pinning, the use of Ender’s nails connected to can- 
cellous screws has been described. Most patients still 
require a cast or cast-brace for 8 weeks after surgery. 
Newer devices have made this technique obsolete. 
ZickeF^ developed an IM device designed for insertion 
through the condylar area to treat distal-third femur frac- 
tures. Zickel et aF^ and Marks et aF^ have shown that 
this device has been useful, especially in osteoporotic 
bone. Zickel et al stated that this device was “ideally 
suited for transverse supracondylar fractures” but felt 
that is was also able to stabilize “oblique, T,’ and high 
fractures.” Marks et al found the Zickel nail to be es- 
pecially useful with periprosthetic fractures about the 
knee. Unfortunately, it does not address intercondylar 
extension. Because it is only semirigid, and usually re- 
quires external support, the Zickel nail can be prone to 
loss of reduction and cutout, does not reliably control 
rotation or length, and thus has lost favor. 

More recently the antegrade IM nail has been used 
with success to treat distal-third femur fractures. An- 
tegrade techniques, however, are not suited for the most 
distal femur fractures or those with intracondylar ex- 
tension. Nevertheless, in distal-third femur fractures 
where one can gain adequate purchase of the distal frag- 
ment, it may be advantageous to avoid violating the knee 
joint. 

Most recently, the retrograde supracondylar locked 
intramedullary nail has been developed and used suc- 
cessfully to treat distal femur fractures, both supra- 
condylar and supracondylar-intracondylar in nature. 
Theoretical advantages to these IM devices include less 
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soft tissue dissection, ability to insert the nail without 
the use of a fracture table, decreased blood loss, less 
operative time in the polytrauma patient, and their load- 
sharing biomechanical characteristics. They are some- 
what limited when intercondylar displacement or com- 
minution is severe. We favor their use in a percutaneous 
fashion for supracondylar fractures, and supracondylar- 
intercondylar fractures when the intercondylar compo- 
nent is minor. Nails inserted in a retrograde fashion gen- 
erally have not caused knee stiffness as long as adjunct 
external immobilization is not needed. 

External fixation, rarely used to treat fractures in the 
SCF, is most commonly indicated for the open supra- 
condylar fracture with significant bone loss. Relative in- 
dications have included severe soft tissue injury, severe 
comminution, vascular injury, and multiple system dys- 
function. Unlike tibial plateau fractures, ring fixators 



have a limited role acutely because the circumferential 
nature of the frames can be large and bulky, they can 
impede soft tissue access, and they can require signifi- 
cant expertise in application. Wires and/or half pins im- 
pale muscle and block motion. Occasionally the resid- 
ual bone stock in the distal femur is too deficient for 
fixation solely in the femur, and pins/wires must be 
placed in the proximal tibia. If the fixator crosses the 
knee joint, immobility often leads to stiffness. In addi- 
tion, pin-site infection is common, and can seed the ad- 
jacent joint or fracture. External fixation, which requires 
ongoing physician and patient management, may or 
may not be reasonable when patient compliance is poor. 
However, the external fixator may be the only means 
of fixation in the most complex fractures. Table 19.1 
reviews current acceptable treatment options for distal 
femur fractures. 



Table 19.1. Implants currently used for distal femur fractures. 



Implant 

Type 


Relative 

Indications 


Relative 

Contraindications 


Advantages 


Disadvantages 


Blade plate 


Noncomminuted 


Intracondylar comminu- 


Maintains varus/valgus 


Technically demanding. 




low fractures 


tion, diaphyseal com- 
minution, poor soft tissue 
envelope 


alignment 


can displace 
unrecognized fracture, 
significant dissection 


DCS/plate 


Intracondylar 

displacement 


Diaphyseal comminution, 
poor soft tissue envelope 


Less demanding than 
blade plate, compresses 
simple intercondylar 
fractures, maintains 
varus/valgus alignment 


Significant dissection 


Condylar 


Intercondylar 


Loss of medial buttress. 


Multiple distal screws 


Traditional version allows 


Plate 


comminution 


poor soft tissue envelope 




motion between distal 
screws and plate (poor 
resistance to varus/valgus 
moments) 


Dual 

plate 


Extensive condylar 
comminution that 
requires ORIF of both 
condyles 


Poor soft tissue envelope 




Potential for “dead bone 
sandwich” 


Antegrade 


Shaft fractures, 


Low fractures. 


Potential for 


Can displace unrecognized 


nail 


diaphyseal extension 


intracondylar extension 


minimal dissection 


fracture, alignment can be 
difficult to control, use of 
Fracture table 


Retrograde 


Osteoporosis, commin- 


Significant intracondylar 


Potential for 


Can displace unrecognized 


nail 


uted fracture, poly- 
trauma, some supra- 
condylar periprosthetic 
fractures, obesity 


displacement 


minimal dissection 


fracture, potential for 
unstable nail construct 


External 


Extensive comminution, 


When another device 


Bridging knee construct 


Knee stiffness, pin-tract 


fixator 


very low fractures, 
bone defects 


may be used 


may provide stability 
when there is no other 
solution 


sepsis, may limit soft 
tissue access 



DCS = dynamic condylar screw; ORIF = open reduction and internal fixation 
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COMPLICATIONS 

Infection and Soft Tissue Complications 

Infection is a prevalent complication of surgical inter- 
vention, and the spectrum of infection includes the fol- 
lowing: cellulitis, a superficial stitch or wound abscess, 
infection of the knee joint, acute infection in an opera- 
tively stabilized fracture, chronic infection in a healed 
fracture, and infected nonunion (Fig. 19.1). Generally, 
the infection rate recently has ranged from 0% to 
7 %, 5, 7, 11, 14, 15, 34 historically, infection rates have 

been reported as high as 20%.^’^^ In the treatment of 
the floating knee, an infection rate of 30% has been 
noted. Prognosis obviously depends on the extent of 
the infection, the nature and type of injury, and the con- 
dition of the patient. 

Factors that predispose to infection include those as- 
sociated with the injury, with treatment, and with the 
health of the patient. Factors associated with the 
injury include the level of contamination and the degree 
of violence. Open fractures, comminution, devitalized 
bone, soft tissue injury, loss of tissue, compartment syn- 
drome, and vascular injury predispose to infection. Fac- 
tors associated with the treatment include inappropriate 
antibiotic prophylaxis, extensive surgical dissection, in- 
adequate fixation, inadequate soft tissue management, 
prolonged operative time, or a delay in operative inter- 
vention. Finally, the health of the patient may signifi- 
cantly affect the risk for infection due to conditions such 
as end-stage renal disease, diabetes, chronic steroid use, 
polytrauma, obesity, age, and immunodeficiency syn- 
drome. 




Figure 19.1. Infected nonunion. The condyles are avascular 
and infected with multiple organisms. Unfortunately, in this 
elderly patient, amputation was the result. 



Nonunion and Loss of Fixation 

Nonunion of the distal femur occurs less often than in 
the proximal femur, but more commonly than in the 
shaft. The current incidence is reported between 0% 
and 6%.^^ Factors that contribute to nonunion include 
bone loss, soft tissue loss, vascular stripping, fracture 
overdistraction, inadequate stabilization, infection, and 
failure to bone graft. Historically, these fractures have 
healed following collapse and angulation. Improved 
techniques have maintained alignment and permitted 
early mobilization of the patient, but at the risk of po- 
tentially inhibiting union. 

The diagnosis of nonunion is easily detected by hard- 
ware failure, loss of fixation, obvious pathologic motion, 
or excessive pain. Occasionally, nonunion can pose di- 
agnostic challenge, especially following multiple proce- 
dures, in the presence of extensive hardware or when 
occult in nature (Fig. 19.2). We recommend high-qual- 
ity anteroposterior, lateral, and oblique x-rays to assess 
bony healing. The clinician must frequently review se- 
quential films, and tomograms, computed tomography 
(CT), or magnetic resonance imaging (MRI) may be 
necessary. 

Malunion 

Malunion has become less prevalent with the advent of 
improved surgical implants and techniques. Malunion 
had been a frequent complication of closed treatment 




Figure 19.2. Intraarticular nonunion. Magnetic resonance 
imaging eventually revealed osteochondral nonunion after 
plain films were read as negative. Patient complained of in- 
stability despite intact ligaments and menisci. 
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of SCF fractures, and was a major impetus for the de- 
velopment of open reduction technique. Any angular 
deformity may occur; however, the most common po- 
sition of malunion is one of internal rotation, varus, and 
hyperextension of the distal fragment.^^ Translation of 
the fragments may also exist and adds yet another ele- 
ment of complexity to the deformity.^^ 

Analyses of alignment following open reduction and 
internal fixation using AO techniques have demonstrated 
that malunion remains a problem. In a review of 59 
SCF fractures, Zehntner et al"^^ found that differences 
in alignment between limbs were within 5 degrees of 
varus/valgus in 74%, of ante/recurvation in 78%, and 
of rotation in 83%. The authors cited varus/valgus align- 
ment as the most difficult to control, and conceded that 
malunion was common. 





Figure 19.3. Malalignment and malunion is prevented by 
consideration of both the anatomic and mechanical axes. 



Presently there are no absolute criteria for acceptable 
alignment in SCF fractures. The authors define mal- 
union as an angular deformity of more than 5 degrees, 
rotational malalignment of greater than 15 degrees, leg 
length discrepancy of greater than 2.5 cm, and in- 
traarticular incongruity of greater than 3 mm. The treat- 
ing surgeon must be aware of the contralateral limb 
anatomy and adjust his reduction accordingly (Fig. 19.3). 

The first key to effective treatment of the deformity 
is to understand the deformity, whether it is simple or 
complex."^^ Evaluation may be undertaken according to 
anatomic or mechanical axes. If one does not perform 
correction at the center of rotation and angulation 
(CORA), translation will occur. Deformity at one level is 
termed uniapical, while one at many levels is termed 
multiapical. An oblique plane deformity occurs in a 
plane that is not frontal or coronal. In contrast to de- 
velopmental deformities that may be only angular and 
rotational in nature, deformity secondary to trauma may 
also entail translation and shortening (Fig. 19.4). 

Stiffness 

Decreased range of motion is the most common com- 
plication after closed or open treatment of SCF frac- 
tures, with the loss of flexion exceeding the extension 
loss. Functionally, even a small loss of extension (15 de- 
grees) can be more of a functional impairment than a 
comparable loss of flexion. Stiffness is usually due to (1) 
closed treatment with prolonged immobilization; (2) ex- 
ternal fixation, especially if bridging the knee^^; (3) cast- 
ing as a salvage procedure following unstable open re- 
duction or loss of fixation; (4) infection; (5) delayed union 
and nonunion; (6) malpositioned hardware; (7) treat- 
ment requiring vascular or plastic reconstruction^^; (8) 
ipsilateral fractures of the tibia, patella, or more proxi- 
mal femur^^; and (9) head injury. 

Loss of motion can result from extrinsic and intrin- 
sic causes. Extrinsic infers soft tissue contracture of 
the capsular, ligamentous, or muscular tissue. Capsu- 
lar and ligamentous adhesions or heterotopic bone can 
occur in the medial compartment, lateral compartment, 
or the region of the suprapatellar pouch. Loss of elas- 
ticity and subsequent excursion of the quadriceps mus- 
cle group is more common than that of the hamstrings. 
Heterotopic ossification can be particularly difficult to 
manage in these muscles, especially in the head-injured 
patient. 

Intrinsic contracture implies a cartilaginous or osseous 
origin to motion inhibition. Intraarticular adhesions may 
exist between the patella and femur, or between the fe- 
mur and tibia. Loss of articular cartilage, with exposed 
subchondral bone, can accelerate this process. Rarely, 
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Figure 19.4. The spectrum of de- 
formity. A: Uniapical deformity, 
anatomic and mechanical axis plan- 
ning. B: Multiapical deformity. 
Oblique plane deformities and com- 
plex deformities with translation, 
angulation, and rotation are even 
more challenging, and require 
considerable preoperative 
plannning. 





Mechanical Axis Planning 
A 



Artafomic Axis Planning 




B 



union can occur between bony surfaces. Finally, intrin- 
sic contracture can occur from gross joint incongruity, 
with a mechanical block to motion. 



Osteoarthritis 

The principal cause of posttraumatic osteoarthritis is the 
damage sustained by the articular cartilage at the time 
of injury. Blunt trauma to the cartilage even without a 
fracture can cause eburnation and, ultimately, ensuing 
arthritis. Continuous passive motion has been shown to 
aid in healing and remodeling of full-thickness defects 
in articular cartilage. 

The healing and remodeling of osteochondral step- 
offs differ substantially from cartilage defects. Increased 
cartilage pressures are generated in the high side of the 
defect, and while cartilage and subchondral bone can 
adapt to their surface incongruities by remodeling, the 
surface remodeling is incomplete (Fig. 19.5). Continu- 
ous passive motion does not appear to improve healing 
or remodeling, particularly for large step-offs. 

The fracture pattern greatly influences the risk for 
posttraumatic arthritis. Intercondylar extension and 
comminution increases this risk in all three compart- 
ments of the knee joint. A nonanatomic reduction of 
fractures involving the condylar surface will also lead to 



arthritis. In an experimental rabbit model, a 5-mm 
condylar defect leads to arthritic changes within 20 
weeks. In humans, a step-off of 3 mm has been shown 
to cause significant gonarthritis.^^ 

Mechanical malalignment of the limb can further ac- 
centuate posttraumatic arthritis in the knee. For exam- 
ple, a narrowed medial joint space or a couple of mil- 
limeters of articular incongruity may be well tolerated if 
the overall mechanical alignment of the limb is near neu- 
tral or in a few degrees of valgus. However, the same 
degree of medial joint pathology can rapidly progress 
to joint arthrosis if the mechanical axis is in varus 
malalignment. 

Vascular Compromise 

Vascular compromise resulting from the surgical treat- 
ment of SCF fractures is extremely rare. The incidence 
of vascular injury in supracondylar femur fractures as- 
sociated with blunt trauma is approximately 2% to 3%. 
This incidence is surprisingly low as the vascular bundle 
is tethered at the adductor hiatus. Segmental arterial de- 
fects may also occur. The incidence of vascular injury 
associated with gun shot wounds is higher, given the 
penetrating nature of the trauma. Adamson and cowork- 
ers36 report a 21% incidence of vascular injuries with 
floating knees. 
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Figure 19.5. Healing and remodeling of 
articular incongruities in a rabbit fracture 
model. A and B: Osteotomy to create os- 
teochondral step-off. C: Histologic slide of 
healed 1-mm step-off. The subchondral 
bone has rounded off at the rim of the le- 
sion. There is a rounding of cartilage on 
the high side and an increase in thickness 
on the low side. D: Change in contact 
pressures generated by healed step-off. 
(From ref. 50, used with permission) 



PREVENTION OF COMPLICATIONS 

Infection and Soft Tissue Complications 

Infection is an inherent complication of open reduction 
and internal fixation. In major trauma centers with ex- 
perienced surgeons, the rate of infection should not ex- 
ceed 5% in most operatively treated cases. The opti- 
mal timing of surgery is essential with the open injury 
due to the extent of contamination or tissue devitaliza- 
tion. Timing may be just as important with closed in- 
juries, considering the medical status of the patient and 
the extent of the soft tissue swelling. A developing com- 
partment syndrome requires early recognition and an 
immediate fasciotomy.^"^ A cephalosporin antibiotic 
should be administered preoperatively and for at least 
24 hours postoperatively. The prolonged use of antibi- 
otics for draining wounds is controversial, and the au- 
thors recommend that its use be individualized. 

The extent of soft tissue trauma associated with the 
injury can alter the complexity of its management. The 
combination of bone devascularization and wound con- 
tamination significantly decreases the potential for an 
acceptable outcome. The current treatment recom- 
mendations by Gustilo^^’^^ for grade I, II, and III open 
fractures include prophylactic antibiotics, early debride- 
ment, copious irrigation and often a second-look de- 
bridement at 36 to 72 hours. Although some clinicians 
site no increase in the incidence of deep infection with 
a delay of up to 24 hours to surgery, the authors rec- 
ommend irrigation and debridement within 6 hours of 
injury. Also, the fracture should be stabilized immedi- 
ately,^^ as the soft tissue benefits of immediate internal 



fixation outweigh the risk of infection. In grade IIIB and 
me open fractures, external fixation with delayed in- 
ternal fixation may be optimal with serial debridements 
every 36 to 72 hours until definitive wound closure can 
be achieved. In grade I and II open fractures, cefazolin 
should be administered for 48 hours following the final 
debridement. 

Current antibiotic recommendations for grade I and 
II (Gustilo classification^^’^^) open fractures include 3 
days of a first-generation cephalosporin (generally cefa- 
zolin, Ig every 8 hours) intravenously, for grade III open 
fractures, 5 days of cefazolin and gentamicin (2 mg As 
adjusted to serum levels). Addition of penicillin, 4 mil- 
lion units IV every 6 hours, is recommended for wounds 
with gross contamination (e.g., barnyard, lake, stream) 
to cover anareobic organisms (including Clostridium 
perfingens and Clostridium septicum which can cause 
gas gangrene). Immunization against Clostridium 
tetani also needs to be undertaken. 

Green and Trafton^^ have strongly advocated open 
fracture wound healing by secondary intention. They ex- 
perienced a greater deep infection rate when grade II 
or III injuries were subjected to delayed primary closure 
as opposed to healing by secondary intention. Further- 
more, they recommend delayed bone grafting in the 
treatment of open fractures. In their study deep infec- 
tion occurred in 3 of 4 cases when bone grafting was 
performed within the first 7 days. 

Appropriate fixation selection can also alter the rate 
of infection. Soft tissue injuries secondary to high- 
energy trauma do poorly when fixation requires exten- 
sive additional dissection. In these cases it may be more 
appropriate to treat the SCF fractures with a minimally 








Figure 19.6. Technique of mininnally invasive retrograde nailing for supracondylar- 
intracondylar distal femur fracture. A: A 3 to 4 mm articular step-off is visualized. This 
may be the limit of displacement that one can accept in attempting a percutaneous 
technique. B: Positioning with knee flexed. The use of autoclavable triangles marketed 
for fixation of tibia fractures can be useful in patient positioning. Insertion site may 
be either through the patellar tendon or just medial to it. C: The best entry site is de- 
termined by the specific nail; however, it is usually anterior to the attachment of the 
anterior cruciate ligament and just medial to the notch. Incision size often decreases 
as experience increases. D: Large pelvic reduction clamps are useful in manipulating 
and compressing the intracondylar fracture. Two posterior cannulated lag screws are 
placed prior to placement of retrograde nail to prevent further displacing the intra- 
condylar fracture. Reaming over a guidewire is preferable to the use of a curved awl 
in obtaining a starting point. E: Percutaneous nail insertion. F: Nail anterior to previ- 
ously inserted lag screws on lateral view. G: Stable nail construct and anatomic re- 
duction of the articular surface. Note that four cortices are grasped by the distal in- 
terlocking screws of the retrograde nail. With this nail, 7.5 mm of distal femur are 
necessary to obtain four-cortex fixation. For proper alignment, the anatomic lateral 
distal femoral angle should be 81 degrees. 
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Figure 19.6. (cont.) H: Minimal incision technique can often be useful in patients with a poor soft tissue envelope or in the mas- 
sively obese. I: AP and lateral views show union at six months with 1 10 degrees of active motion. 

invasive IM rod.^^ The IM rod is also applicable for 
supracondylar-intercondylar fractures when the inter- 
condylar component is relatively minor (Fig. 19.6). 

When using a dynamic compression screw and side 
plate, “indirect fracture reduction” techniques can de- 
crease the risks for nonunion and infection.^^ Limited 
provisional external fixation can be useful in select open 
fractures with massive soft tissue disruption. Generally, 
one should avoid the combination of extensive internal 
fixation and external fixation (Fig. 19.7). 

Fractures secondary to low-velocity gunshot wounds 
are comparable to grade I fractures and can be man- 
aged with immediate internal fixation. The authors 
prefer intramedullary nailing when possible to avoid ad- 
ditional soft tissue disruption. Limited antibiotic pro- 
phylaxis with a cephalosporin is appropriate.^^ High- 
velocity fractures, fortunately, are less common in 
civilized populations, are comparable to grade III frac- 
tures, and usually require multiple debridements. Sim- 
ple, unilateral external fixation, often bridging the knee, 
provides effective preliminary fixation. After the wound 
is stable, definitive internal fixation should be performed. 

Nonunion and Loss of Fixation 

The AO principles of rigid internal fixation and early 
knee motion have established the modern standard for 
the treatment of these fractures and their basic tenets 
of fracture repair have been well detailed in many texts. 

The limb reconstruction using the DCS consist of re- 
duction of the articular surface, preliminary lag screw 
fixation of the condyles, and final application of the plate 
(Fig. 19.8). Typically, the lateral approach provides ad- 
equate exposure with routine need for a tibial tubercle 
osteotomy, as it can be a source of a nonunion. Tib- 



ial tubercle osteotomy may occasionally be used when 
a more generous exposure is needed, for nonunions or 
malunions. 

The original AO approach can compromise bone of 
its vital blood supply. When there is extensive soft tis- 
sue disruption, as in high-energy trauma, it is impera- 
tive the surgeon not extensively strip soft tissues via a 
large open procedure. Recently, biologic (indirect) re- 
duction techniques have been advocated to minimize the 
surgical trauma to the tissue. Bone^^ describes fixating 
the device (blade plate) distally and applying a femoral 
distractor to the femur, which would allow the com- 
minuted bony fragments to be indirectly reduced by their 




Figure 19.7. Overlapping internal and external fixation. A 
pin tract infection seeded this internally fixed fracture. 
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Figure 19.8. Employing the DCS and side plate. A-F: schematic of technique. G: Use of the articulating tension device to ap- 
ply compression. H: Use of the femoral distractor to control alignment. 



soft tissue attachments (Fig. 19.9). Bolhofner and 
coworkers^^ reported no nonunions in treating 57 dis- 
tal femur fractures with a condylar blade plate or but- 
tress plate utilizing biologic reduction techniques. 

It must be emphasized that with a rigid system (plate) 
even small gaps at the fracture site can be dangerous 
and lead to nonunion. Although stability facilitates early 
knee motion, callus formation is inversely proportional 
to the rigidity of the system. Considerations to prevent 
nonunions include shortening of the fracture (accepting 
some leg length discrepancy), or bone grafting (with 
donor-site morbidity, and perhaps a higher incidence of 
infection). All treatment methods have inherent com- 
plications and the ideal treatment should be individual- 
ized to the fracture and the patient. 

The indications for bone graft can be controversial. 
In closed fractures with significant comminution, bone 
should always be considered, especially if healing pro- 
gresses slowly. In open fractures with bone loss, the ap- 
plication of bone graft should be delayed until the wound 
has healed without evidence of infection. When larger 
volumes of bone graft are required, the authors recom- 
mend harvest of graft from the posterior crest with the 
patient placed in a lateral or semilateral position during 
the procedure. The graft should not be harvested until 




Figure 19.9. “No-touch technique” in managing extensive 
supracondylar comminution. Union is aided by avoiding 
devascularization of comminuted bone fragments. 
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it is clear that the nonunion site is not infected through 
surgical exposure (Fig. 19.10). 

Appreciating the biomechanics of the fixation is cru- 
cial to maintaining stability. Simple errors such as for- 
getting the compression screw in the DCS/plate con- 
struct can lead to instability (Fig. 19.11). The quality of 
screw placement in hardware and bone may also affect 
the construct’s strength. Tornkvist and coworkers^^ 
demonstrated that bending strength (gap opening and 
gap closing) of plated fractures was affected more by 
screw placement than the number of screws placed. A 
few screws spaced over a larger distance was stronger 
than multiple screws in a short distance (plate con- 
structs). Polymethylmethacrylate can occasionally be 
used to augment screw purchase or lag screw purchase 
in osteoporotic bone.^"^’^^ 

The length of the plate above the fracture is also im- 



portant in preventing loss of fixation. The authors rec- 
ommend a minimum of at least eight cortices of solid 
fixation. Inadequate plate length proximally may lead to 
proximal failure (Fig. 19.12). Ipsilateral hip or knee 
arthroplasties can also prevent biomechanically sound 
fixation. A femoral arthroplasty component will limit the 
number of proximal attainable cortices. In this situation, 
cables may be utilized to increase the fixation of the 
fracture construct. To prevent a stress riser between the 
plate and femoral stem, the two components should 
overlap (Fig. 19.13). 

Supracondylar femur fractures above a total knee 
arthroplasty present a special management challenge. 
Nonoperative methods usually fail to control alignment 
and do not allow for early knee motion or stable am- 
bulation. Fixation options include dynamic condylar 
plate and screws, and retrograde nails^^’^^ (Fig. 19.14). 





Figure 19.10. Bone grafting a nonunion. 

A: AP and lateral views of a nonunion. 

B: Contralateral traumatic below knee am- 
putation. C: AP and lateral views after pos- 
terior iliac crest bone grafting to delayed 
union. Subacute shortening of the fracture 
was performed using the articulating tension 
device to decrease the fracture gap. Lag 
screw fixation was added to stabilize the 
construct. A small leg length discrepancy 
was inconsequential given the contralateral 
below knee amputation. 
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Figure 19.11. Dissociation of lag screw from dynamic condy- 
lar plate. Failure to include compression screw led to con- 
struct instability. 



Figure 19.13. Cables can supplement proximal fixation. 



If fixation with a retrograde nail is planned, the physi- 
cian may need to obtain the prior operative note to as- 
sure that the femoral component will permit nail pas- 
sage. 

The 95-degree blade plate and DCS-plate constructs 
provide more rigid torsional fixation, while IM nails 



are stronger in axillary loading. However, the sur- 
geon needs to ask, “How rigid must the fixation be for 
fracture healing?” Recently, IM nailing has become pop- 
ular, relying more on callus formation in a semirigid 
load-sharing system than on primary bone healing in a 
very rigid load-sparing system. Reaming the intra- 




Figure 19.14. Supracondylar femur (SCF) fracture above to- 
Figure 19.12. Inadequate proximal fixation. Intraopera- tal knee. If one elects for fixation, treatment options include 

tively, the surgeon realized long plates were not in inventory, DCS and side plate, or retrograde nail. Retrograde nail can be 

necessitating use of an inadequate-length plate. The short utilized only if the femoral prosthesis design allows room for 
plate with inadequate proximal fixation ultimately failed. nail insertion. 
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medullary canal prior to IM nailing has been clinically 
shown to aid in the healing process. The tech- 
nique of retrograde nailing is discussed elsewhere in this 
chapter (see Fig. 19.6). 

The biomechanics of retrograde nailing also require 
clinician appreciation to avoid implant pitfalls. The au- 
thors recommend locking with proximal and distal in- 
terlocking screws to provide both rotational and axial 
stability to the construct. The proximal screws are tech- 
nically more difficult, as targeting guides are ineffective 
due to nail deformation during insertion. Some systems 
allow for anterior to posterior proximal locking screw 
placement, which appears to be less demanding (using 
an image table). Screw placement in this region avoids 
the femoral artery, but branches of the femoral nerve 
remain at risk and warrant open blunt dissection and a 
cannulated tissue protector for maximum safety. The 
authors have found it beneficial to utilize a screw clamp 
(similar to that used during acetabular arthroplasty) to 
prevent loss of the screw in the soft tissue. Single screw 
placement closer to an experimental osteotomy site 
significantly increases rotational stability. David and 
coworkers^^ have found that if more than one screw is 
used, a grouped configuration with two proximal screw 
close to the fracture site may be more stable than a dis- 
persed pattern (bending moments were not studied). 
More recently, it has been shown that multiple holes are 
best avoided in smaller diameter nails to prevent fatigue 
failure of the nail itself. 

Distal screws can be effectively placed utilizing the 
distal interlocking screw outrigger guide. Unfortunately, 




it is still possible to misplace the distal interlocking 
screws, and interoperative confirmation is essential (Fig. 
19.15). The more proximal of the distal screws is fre- 
quently close to the fracture, and it is important to place 
the nail as distal as possible without violating the knee 
joint. 

We have defined a stable nail construct as one that 
involves at least four solid cortices purchased by the 
screws in the distal portion of the nail. Fogler et aF^ 
demonstrated that a second distal interlocking screw sig- 
nificantly improves distal femur intramedullary fixation 
after antegrade nailing of distal-third fractures. The min- 
imal distance from the notch of the femur to the frac- 
ture to allow for such a construct is probably about 7 
cm. A stable construct usually allows for early knee mo- 
tion without bracing. Occasionally, with more proximal 
fractures, early partial weight bearing is allowed. 

Unstable nail constructs (two or three cortices) should 
always be braced and subjected to limited loads. Unsta- 
ble constructs occur more frequently with the distal, 
comminuted, and/or osteoporotic fracture. We use this 
construct on occasion to avoid large wounds and peri- 
osteal stripping. 

Dynamization without loss of rotational control is pos- 
sible with some rod systems and is indicated in simple 
nonsegmental fracture patterns. Dynamization is con- 
traindicated in the extensively comminuted fracture 
where axial dynamization results in limb shortening and 
possible rod backout. 

Excessive comminution may also provide a challenge 
to fracture management (Fig. 19.16). Occasionally in 




Figure 19.15. Unstable nail construct. A: Lateral view shows that the distal of the two locking screws missed the nail posteri- 
orly. B: AP view shows the more proximal screw gains purchase in only one cortex. 
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Figure 19.16. Fixation options with excessive comminution. A: Dynamic condylar screw and side plate for Arbeitgemeinschaft 
fur Osteosynthesefragen (AO) type C3 fracture. B: Cloverleaf plate with tibial tubercle osteotomy exposure for excessive in- 
traarticular comminution. The standard cloverleaf plate should only be utilized when there is an appropriate medial buttress; 
otherwise, the fracture will collapse in varus. C: Antegrade nail and intracondylar lag screws chosen because of extensive dia- 
physeal extension. D: Retrograde nail and intracondylar lag screws performed with minimal dissection of the supracondylar re- 
gion. Stable nail construct. E: Limited internal and external fixation. High-energy injury with severe comminution over the en- 
tire distal third of the femur. Ligamentous injury was severe as demonstrated by the wide lateral joint space. External fixation 
was also performed for the ipsilateral proximal tibia fracture. Hinges were placed between the two frames to close the lateral 
joint space. 



very distal femur fractures one may have to avoid a plate 
or nail construct and opt for limited internal and exter- 
nal fixation that bridges the knee (Fig. 19.17). Each im- 
plant has its strengths and weaknesses. 

Wound irrigation solutions have also been shown to 
affect fracture healing. Betadine solutions and hydrogen 
peroxide solutions have been shown to have a lethal ef- 



fect on osteoblasts, while bacitracin solutions have been 
shown to be safe.^^ In severely comminuted open frac- 
tures, it may be prudent to avoid the use of toxic solu- 
tions in favor of copious volumes of normal saline. Pulse 
lavage is reserved for contaminated wounds. 

Nonsteroidal antiinflammatory drugs (NSAIDs), which 
are prescribed routinely, may also contribute to non- 
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Figure 19.17. Very distal SCF fracture. A: To avoid loss of fixation, one should avoid a plate or nail construct. B: The prudent 
choice of multiplanar external fixation, supplemented with bone graft. Potential long-term knee stiffness may be dealt with later 
by utilizing a quadricepsplasty. 




union. It has been demonstrated in rats that NSAIDs, 
specifically ibuprofen, have an inhibitory effect on frac- 
ture repair.^^ In addition, the use of tobacco products 
has been shown to inhibit fracture healing. 

Malunion 

When the fracture is treated with skeletal traction, the 
setup requires attention to detail. Placement of the tib- 
ial pin should be in internal rotation 1 cm below the 
tibial tubercle. The leg is maintained in a Thomas splint 
with 20 to 30 degrees of flexion at the knee. A two pin 
technique can be employed to obtain and maintain ad- 
equate alignment at the fracture site. A second pin 
through the distal femur with force applied in a dorsal 
fashion prevents the rotation of the fragment secondary 
to the pull of the gastroc-soleus complex. For greater 
patient mobilization one can consider the traditional pins 
and plaster form of treatment. Sequential radiographs 
are vital as fracture alignment usually changes with time 
in nonoperatively managed cases. 

When applying a DCS plate, the most crucial step is 
to appropriately place the guidewires under image. Wire 
no. 1 is inserted parallel to the knee joint axis; wire no. 
2 is inserted parallel to the anterior patellofemoral ar- 
ticulation; wire no. 3 is the definitive guide wire for the 
condylar screw. Wire no. 3 should be placed at the junc- 
tion of the anterior and middle thirds of the longest sagit- 
tal diameter of the lateral femoral condyle, 2 cm prox- 
imal to the joint line. This will ensure proper placement 
of lag screws and the condylar screw (see Fig. 19.8). In- 



appropriate placement for the definitive guidewire for 
the condylar screw will result in malunion. An inclining 
guidewire placement results in a valgus deformity, while 
a declining guidewire results in a varus deformity (Fig. 
19.18). Preoperative views of the normal side can be 
reversed, and this mirror image used to guide recon- 
struction. 

When utilizing an antegrade nail, it is important to 
control the distal fragment during guidewire placement 
and reaming, to avoid valgus deformity (Fig. 19.19). Ma- 
nipulation of the distal fragment (with temporary Stein- 
mann pins or by tibial manipulation) can assist align- 
ment during placement of the nail. 

Malunion may also occur with the use of a supra- 
condylar nail. It is important to visualize the starting 
point for each nail on both anteroposterior and lateral 
images prior to insertion of the guidewire. The fracture 
reduction should also be optimal prior to nail insertion. 
Supracondylar fractures with intercondylar extension 
benefit from a lag screw across the condyles to prevent 
displacement during reaming and nail insertion (see Fig. 
19.6). Alignment can be aided with longer and larger 
diameter nails that gain better purchase in the femur 
(Fig. 19.20). When treating a floating knee, it is often 
preferable to fix the tibia first so that the distal limb can 
be used as a lever arm to help reduce the distal femur 
fracture. A popular technique is to repair a floating knee 
through one incision, with a supracondylar nail placed 
in the femur and an intramedullary nail placed in the 
tibia. 

The lateral condylar buttress plate should be used se- 
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Figure 19.18. Malalignment in utilization 
of the DCS and side plate. A: Inclining 
guidewire placement results in valgus ori- 
entation. B: Declining guidewire place- 
ment results in varus orientation. 




lectively in the stable fracture, as it does not allow for 
locking between the screws and the plate. If a bony but- 
tress does not exist medially, the fracture will invariably 
fall into varus when the plate is placed laterally. A dual- 
plating technique has been described for medial cortex 
comminution.^^ We recognize that the potential for ex- 
tensive bone devascularization is extremely high with 
this technique. 




Figure 19.19. Malalignment in utilization of antegrade nail. 
Intercondylar component was fixed prior to insertion of an- 
tegrade nail. Failure to control the distal fragment allows this 
valgus deformity. Temporary Steinmann pin joysticks can aid 
in manipulation. 



Rotational malalignment is common and is prevented 
by attention to anatomic landmarks. Torsional malalign- 
ment tends to be more common with closed intra- 
medullary devices than with ORIF techniques. A bump 
under the hip can prevent a tendency for external ro- 
tation of the proximal fragment. Mismatch of width at 
a simple fracture is often a clue. Frequent image com- 
parisons of the rotation of the hip and knee, radi- 
ographic evaluation of the fracture reduction, and clin- 
ical assessment of the limb alignment can all be helpful. 

Preventing articular malunion is accomplished by ob- 
taining and maintaining an anatomic reduction. Appro- 
priate intraoperative visualization directly with serial x- 
rays or fluoroscopy is helpful. A three-dimensional (3D) 
understanding of the anatomy of the fracture pattern is 
paramount for effective reduction of the articular sur- 
face (Fig. 19.21). Preoperative CT scan, with or with 
out frontal/sagittal plane, or 3D reconstructions can be 
helpful. The sequela of intraarticular malunion is early 
posttraumatic arthritis. 

Stiffness 

Prevention of knee stiffness begins with early range-of- 
motion exercises following the injury. A more stable con- 
struct, anatomic reduction, and less surgical insult will 
also decrease the rate of arthrofibrosis. Generally, ten- 
uous fixation is to be avoided if at all possible. Unsta- 
ble plate fixation of a SCF fracture with extensive ex- 
tension, comminution, or osteoporosis may incur all the 
risks of surgery without any of the benefits. If postop- 
erative casting is required for more than 3 to 4 weeks, 
loss of flexion often ensues. In circumstances where 
plate fixation is going to yield an unstable construct, it 






Figure 19.20. Malalignment in uti- 
lization of retrograde nail. A: Entry 
allowing for excessive valgus. Nail is 
too short and allows further collapse 
into valgus. B: Lateral view shows 
that the nail was placed “backward” 
(rotated 180 degrees), resulting in a 
combined deformity of angulation 
(apex posterior) and translation. 



Figure 19.21. Intraarticular malu- 
nion. A: Condylar fracture caused 
by low-velocity missile (arrows 
mark entrance and exit wounds). 

B: AP view shows apparent ana- 
tomic reduction. C: Surgeon fails to 
realize the three-dimensional nature 
of the fracture. D: Despite revision 
surgery, intraarticular malunion re- 
sults with accompanying arthrosis. 
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may be preferable to avoid extensive dissection with per- 
cutaneous nailing, external fixation, or traction. 

With intramedullary nails, prominent distal locking 
screws should be avoided. In cases with severe osteo- 
penia, slight prominence of the locking screw may be 
preferable for better screw purchase. It is essential that 
the distal end of the retrograde nail does not extend be- 
yond the articular surface of the distal femur (Fig. 
19.22). Screw removal after bone healing may still pro- 
mote an increase in knee motion. 

External fixation, as definitive treatment, is avoided 
if possible. Pins or wires placed in the vastus lateralis 
impede muscle excursion and predispose to joint stiff- 
ness. If a unilateral external fixator is used, the pins 
should be placed posterolaterally in the diaphysis be- 
tween muscle groups. If wires are placed in the distal 
femur, the epicondylar area is the preferred site for fix- 
ation, as the combined flexion-extension excursion of 
the surrounding soft tissues seems least in this area. 
Bridging knee external fixation should be limited to cir- 
cumstances in which there is no other reasonable op- 
tion for stabilization. Hinge placement at the instanta- 
neous center of rotation, to allow for controlled motion, 
is extremely difficult. When a static, bridging, multiplane 
fixator is utilized, one can occasionally remove the tib- 
ial portion before the femoral portion to try to encour- 
age knee motion. 




Figure 19.22. Prominent hardware in retrograde nailing. 
Failure to impact the nail proximal enough resulted in an in- 
traarticular rod. The prominent nail end was burred with a 
Midas-Rex to avoid attempts at refixation. Prominent medial 
screw caused pain with knee motion. 



Osteoarthritis 

Within the limits of the fracture pattern, surgery should 
achieve the best anatomic reduction possible. This re- 
quires judicious use of image and exacting technique. 
The joint surface congruity and overall limb alignment 
both need to be addressed, as less than perfect reduc- 
tion of either results in increased focal cartilage pres- 
sures leading to arthritic change (Fig. 19.21). The pre- 
vention of septic arthritis has been previously discussed. 

Vascular Compromise 

Absent pulses in a traumatized extremity is due to arte- 
rial injury until proven otherwise, usually by arteriogra- 
phy.^^ In managing vascular compromise secondary to 
a SCF fracture, the time frame of the sequence of events 
is extremely important. Irreversible changes in muscle vi- 
ability occur if the ischemic time becomes greater than 
6 hours. Often simple reduction of the fracture can re- 
constitute arterial flow. A vascular surgery consult is in- 
dicated immediately upon the suspicion of a vascular 
injury. Arteriography can be done intraoperatively if nec- 
essary. The absence of pulses distally may be mistaken 
for an impending compartment syndrome, and per- 
forming a fasciotomy for unrecognized arterial injury will 
have little therapeutic effect. 

The ischemic time directs the sequence of events af- 
ter documentation of a vascular injury. Ideally, bony sta- 
bilization prior to vascular surgery is preferable. Plating 
may be time-consuming, and the surgical exposure for 
fixation is different from that for vascular reconstruc- 
tion. If time is limited, an external fixator may be ade- 
quate for provisional fixation. An appropriately trained 
surgeon can expediently apply a retrograde nail. The 
authors have found this method of stabilization particu- 
larly advantageous. Once the fracture is stabilized, arte- 
rial and venous repair may be undertaken. 

If ischemic time is approaching 6 hours, the sequence 
of surgical events may need to be reversed to prevent 
loss of limb (Fig. 19.23). A temporary shunt can be 
placed prior to orthopedic fixation. A vein graft can 
be harvested during orthopedic fixation from the con- 
tralateral limb, and definitive vascular reconstruction 
then follows. Intraoperative four-compartment fasci- 
otomies (a medial and lateral incision) of the leg are im- 
portant to prevent compartment syndrome (CS), which 
can occur during reperfusion of the limb following vas- 
cular reconstitution. 

Compartment syndrome must be differentiated from 
a true vascular injury. CS usually occurs when there is 
a palpable pulse and no major arterial compromise, al- 
though bleeding from an arterial injury can be an oc- 
casional cause. Compartment syndrome occurs when 
the postcapillary venule pressure exceeds capillary per- 
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Figure 19.23. Prevention of excessive ischemic time. A: Low velocity missile causes SCF fracture with associated popliteal artery 
injury. B: Temporary arterial shunt placed prior to bony stabilization due to excessive ischemic time. Vein graft was harvested 
during orthopedic fixation. C: Successful reconstitution of flow after saphenous vein graft. In general, one strives for bone sta- 
bilization prior to vascular surgery, but in unusual cases, the order must be reversed. 



fusion pressure. The diagnosis begins with clinical as- 
sessment of the compartment tenseness and the level 
of pain perceived by the patient, especially pain with 
passive muscle stretch. A clinical diagnosis should be re- 
inforced by measuring intracompartmental pressures. In 
the case of a borderline diagnosis, or impending CS, it 
is safer to perform the fasciotomies. Once a CS be- 
comes established, permanent limb compromise or am- 
putation is often the result. 

TREATMENT OF COMPLICATIONS 

Infection and Soft Tissue Complications 

Delayed wound healing must be differentiated from in- 
fection and managed simply with local wound care and 
immobilization until healing is complete. Occasionally 
patients realize a better response to surgical debride- 
ment and wound healing by secondary intention or de- 
layed primary closure. Split-thickness grafting or mus- 
cle flaps (pedicle or free) may also be necessary. 

The management of infection depends on its nature 
and severity. Cellulitis postoperatively or following an 
open injury can be treated effectively with parenteral an- 
tibiotics. A superficial wound infection or stitch abscess 
warrants intravenous antibiotics, local wound care, and 
immobilization. Irrigation and debridement is required 
only if the wound fails to improve within 72 hours. 

When a deep wound infection is suspected, needle 
aspiration through an uninvolved area can assist in de- 



termining the diagnosis. Proper treatment of deep in- 
fections depends on several variables: the stage of frac- 
ture healing, the stability of the fixation, and the degree 
of bony involvement. All should be treated with culture- 
specific antibiotics and formal irrigation and debride- 
ment. In wound infections prior to fracture healing with 
stable fixation and viable bone, the hardware may ini- 
tially be retained and managed with irrigation and de- 
bridement in combination with either closure over 
drains, delayed primary closure, or healing by secondary 
intention . Antibiotic-impregnated methylmethacrylate 
beads can be placed in the wound on a temporary ba- 
sis. Even so, the hardware may have to be removed to 
eradicate the deep infection, and external fixation may 
be necessary (Fig. 19.24). Serial debridements increase 
the likelihood that all necrotic and infected bone is re- 
moved. Large soft tissue defects require local or free 
muscle flaps, while smaller wounds can heal by sec- 
ondary intention. One can begin to reconstitute the bony 
defect once the infection is controlled. 

Infections that occur after fracture union are infinitely 
easier to manage. They can routinely be treated with 
hardware removal during debridement. Antibiotic beads 
can be applied temporarily (3 weeks) to deliver local an- 
tibiotics in combination with 6 weeks of intravenous 
antibiotics. 

Chronic osteomyelitis or recurrence is always a risk 
following deep infection, and can resurface years after 
the initial insult. Definitive treatment begins with iden- 
tification of the sequestrum as the source of the chronic 
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Figure 19.24. Treatment of infected supracondylar fracture 
with irrigation and debridement, external stabilization, and 
antibiotic methylmethacrylate beads. 



osteomyelitis (Fig. 19.25), and then removal of all de- 
vitalized bone. Cure may be difficult, and the patient 
may have to choose between suppression with repeated 
recurrence, or sometimes radical surgery. 

Arthrodesis is indicated for most cases of significant 
postinfectious arthritis of the knee. Multiplane external 
fixation is the fixation of choice. With more severe bone 
loss, bony defects may need to be reconstituted. Auto- 
genous iliac crest bone graft is preferable for the smaller 
defects. Unfortunately, the graft may serve as a nidus if 
the infection is not completely eradicated. Vascularized 
fibular bone grafts are an option, but they are relatively 
small in diameter and are associated with donor-site 
morbidity.^^”^^ The Ilizarov technique of distraction 
osteogenesis is especially effective for defects in these 
difficult circumstances (Fig. 19.26). The authors do not 
advocate the use of segmental allografts^^ or custom 
femoral replacements with persistent infection.^^ 

Supracondylar femur fractures in the elderly with se- 
vere preexisting osteoarthritis can be managed effec- 
tively with total knee replacement arthroplasty, although 
the infection rate in these procedures is slightly higher 
than that for traditional fixation. When infection does 
occur, a favorable response may occasionally be ob- 
tained with serial attempts at suppression in this popu- 
lation (Fig. 19.27). Prosthesis removal provides a more 
thorough debridement, but results in a large defect, dif- 
ficult to manage in these older patients. Ancient septic 
arthritis can be successfully managed with total knee 
arthroplasty, with an acceptable infection rate, as long 
as the infection is truly ancient. 



Nonunion and Loss of Fixation 

Distal femoral nonunions, although rare, are difficult to 
treat. Once a nonunion is established, the success of 
subsequent operations decreases proportionately with 
the number of repeat operations. The surgeon must 
approach treatment with the utmost caution and pre- 
operative planning. To effectively treat a nonunion, the 
surgeon must attain apposition of fragments, adequate 
immobilization, soft tissue healing, and stimulation of 
osteogenesis.^^ 

Noninvasive treatment of nonunions includes electri- 
cal stimulation^^’^"^ and casting. Once a pseudoarthro- 
sis has become established, the authors have not found 
electrical stimulation to be effective clinically or experi- 
mentally.^^ Prolonged casting of a nonoperated delayed 
union can occasionally succeed by enhancing fracture 
stability. Casting may also complement if there is loss 
of fixation or implant failure in the poor candidate for 
revision surgery (Fig. 19.28). Rarely, however, can cast 
immobilization alone alter the fate of an established 
nonunion. Significant loss of knee motion is always a 
consequence of cast treatment for these problems. 

Operative treatment of the nonunion is varied and 
depends on the “personality” of the nonunion. Intraar- 
ticular nonunions may be difficult as the fragments rarely 
tend to fit together perfectly in delayed presentation. 
Knee motion may have caused wear of the subchondral 
bone. A purely arthroscopic approach may be difficult 
(Fig. 19.29). Subsequent collapse secondary to avascu- 
larity may result. 

Treatment of nonunions that have not had prior in- 
tervention may be simpler than those having undergone 
previous surgical manipulation. Bone stock typically is 
better, and risk of previous infection is usually less. The 
optimal method of osteosynthesis depends on the non- 
union location and whether it is hypertrophic or at- 
rophic. Hypertrophic nonunions of the distal shaft are 
best addressed with closed reamed antegrade femoral 
nailing if alignment allows. Atrophic nonunions often 
require takedown. When it is opened for removal of fi- 
brous tissue, or to aid realignment, we often prefer plate 
fixation to avoid disruption of both the endosteal and 
the periosteal blood supply. The dynamic condylar 
screw/plate or blade plate is suited for the more distal 
nonunion. Compression can be applied when the frac- 
ture pattern is amenable. One can utilize the articulat- 
ing tension device in addition to the properties of the 
plate itself. Lag screws are considered for oblique frac- 
ture lines. Nonunions that are directly exposed are usu- 
ally augmented with bone graft. The authors prefer au- 
togenous bone graft, harvested from the posterior crest 
with the patient in a semilateral position. We avoid ir- 
rigation of the graft and try to apply it to the nonunion 
without a long intraoperative delay. Research in bone 
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Figure 19.25. Sequestrum as a source of chronic 
osteomyelitis. A: Treatment of chronic os- 
teomyelitis begins with identification of any source 
of devitalized bone. Infection surfaced 15 years af- 
ter the patient’s initial fracture and 10 years after 
plate removal. Unremodeled appearance of old 
bone fragment with original screw holes still visi- 
ble. B: Computed tomography scan shows “bone 
within a bone” appearance at the level of the se- 
questrum and adjacent soft tissue change. C: Clini- 
cal appearance of the sequestrum, which grew out 
enterococcus. 




Figure 19.26. Distraction osteogenesis to salvage infected fracture. A: Severely infected supracondylar femur fracture. B: AP 
and lateral views at the onset of bifocal distraction osteogenesis. C: Successful knee fusion and bone regenerate. Residual leg 
length discrepancy managed with shoe lift. (Case courtesy of Dr. Dror Paley.) 
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Figure 19.27. Infection after man- 
agement of supracondylar fracture 
with prosthetic replacement. 

A: SCF fracture above arthritic 
knee. B: Trying to “kill two birds 
with one stone.” Long-stem total 
knee arthroplasty is an excellent 
option in trying to provide immedi- 
ate ambulation. Postoperative infec- 
tion can be difficult to manage as 
eradication may necessitate re- 
moval of prosthesis and cemented 
condylar region. 




graft substitutes, including bone morphogenic protein, 
continues. 

Treatment of nonunions after previous operative in- 
tervention can be more challenging. When previous 
DCS/plating has been undertaken, one of three situa- 
tions usually exists: (1) the lag screw has cut out distally, 
(2) the plate has broken, or (3) the plate has pulled off 
the bone proximally. 

Lag screw cutout can be one of the most difficult sit- 



Figure 19.28. Casting a failed construct. Cast immobilization 
was the treatment option after hardware cutout in this elderly 
patient with excessive medical risks. 



uations to revise (Fig. 19.28). As mentioned previously, 
casting or bracing may be an option. Revision of the 
lag screw can be undertaken with the use of a larger lag 
screw or with a lag screw supplemented by cement fix- 
ation. In the elderly, one can consider revision to a 
custom distal femoral replacement prosthesis (Fig. 
19.30).^^ We have not found intramedullary constructs 
helpful in these circumstances. 

Plate breakage usually means that the weak link is 
usually the plate and not the bone quality. The usual so- 
lution is often compression of the fracture gap with re- 
peat fixation. A second plate, at 90 degrees or medial 
to the previous plate, can be utilized. Segmental defects 
can be treated with a variety of methods discussed later. 

Plate pull-off proximally can be due to the surgeon’s 
error with insufficient proximal fixation (see Fig. 19.12). 
Revision surgery consists of repeat fixation with a longer 
plate. Cerclage wires (see Fig. 19.13) can be helpful if 
the nonunion is adjacent to a femoral arthroplasty com- 
ponent. Bone grafting and dual plating may be consid- 
ered. Small gaps should be compressed. In select elderly 
patients with periprosthetic fractures, aggressive fixation 
may be considered if the potential for fracture healing 
is remote. Dual plating, tensioned cables, and methyl- 
methacrylate may yield a rigid construct in these some- 
what pathologic situations. Healing around the construct 
is occasionally observed (Fig. 19.31). 

Distal femoral nonunions can occur after intra- 
medullary nailing. Construct failure usually involves (1) 
breakage of the antegrade nail near one of its screw 
holes, (2) breakage of the retrograde nail at the level of 
the fracture, or (3) backout, breakage, or cutout of the 
locking screws in the distal femur. 

Hypertrophic distal shaft nonunions can be managed 
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Figure 19.29. Treatment of in- 
traarticular nonunion shown in Fig- 
ure 19.2. A: Fixation of posterior 
condyle nonunion with posterior 
approach to the knee. Posterior il- 
iac crest bone was utilized to fill a 
small defect between incongruent 
bony surfaces. B: Lateral view 
shows union of posterior femoral 
condyle. Hardware was removed at 
later date. Knee instability was 
cured and the patient return to full 
motion and activity. 
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with reamed exchanged nailing. An intramedullary de- 
vice that contains a dynamization slot is advantageous 
for revision. We often extract the broken nail fragment 
with a nail removal hook specially designed for this pur- 
pose, avoiding an open exposure. Bone grafting is re- 
served for the atrophic distal shaft nonunions, in frac- 
tures with significant bone loss, or when rod removal 
necessitates an open exposure of the nonunion. Screw 
breakage alone may cause nail dynamization and occa- 
sionally allow union. When rotational instability is pres- 
ent, however, eventual union is unlikely, and reamed 
exchange nailing is indicated. 

Intramedullary nailing is less reliable for more distal 
or atrophic nonunions. In a study by Koval et al,^^ only 
four (25%) of 16 distal femoral nonunions united at an 



average 17 months following retrograde nailing with a 
statically locked nail. Therefore, the authors do not ad- 
vocate retrograde nailing for atrophic or surgically 
treated nonunions of the distal femur, but prefer the dy- 
namic condylar screw/plate with autogenous bone graft- 
ing (Fig. 19.32). 

External fixation is also an option for distal femoral 
nonunions, but because of poor patient acceptance its 
application may be limited to patients with previous se- 
vere open fractures, free flaps, burns, extensive scar- 
ring, or unusually poor bone stock. Additionally, knee 
range-of-motion can be limited by the fixator’s pins or 
wires. While external fixation is the treatment of choice 
for a few surgeons, the authors recommend these de- 
vices only in certain salvage situations. 





Figure 19.30. Distal femoral 
replacement as a salvage for 
distal femoral nonunion in the 
elderly. A: Nonunion and flex- 
ion deformity. B1 and B2: Ro- 
tating hinge distal femoral re- 
placement as appropriate 
salvage. (Ref. 1 10) 










Figure 19.31. Treatment of supracondylar nonunion after proximal failure of DCS and side plate. A: AP and lateral views of 
supracondylar femur fracture above total knee and below total hip arthroplasty. Dynamic screw and plate fixation with use of 
medial fibular allograft. The patient suffered a tibial and peroneal nerve injury during surgery. B: Failure of construct with lack 
of incorporation of allograft. The patient suffered pain until this construct failed 1.5 years later. C: AP and lateral views of ag- 
gressive reconstruction with use of dual plates and multiple cerclage wires. Methylmethacrylate was used to help reinforce fix- 
ation. Healing is apparent despite massive reconstruction. D: Satisfactory functional result with lack of pain. The patient states 
that this is the first time the knee has not hurt in 2 years. 




Figure 19.32. Treatment of supracondylar nonunion after retrograde nailing. A: Eight months after initial fixation, patient re- 
fused surgery to treat moderately painful nonunion. B: Increased pain is noted with nail breakage through screw hole at level 
of nonunion. C: Treatment with DCS and side plate utilizing articulating tension device and autogenous bone graft. 













Figure 19.33. Treatment of supracondylar defect with seg- 
mental allograft and dual plates. Bone healing to an allograft 
may occur, but substantial replacement of a structural allo- 
graft is rarely observed. Autogenous bone grafting was 
planned for the junction sites. The patient was lost to long- 
term follow-up. 




Figure 19.34. Treatment of segmental bony defects. A: Iliac crest bone grafting 
(ICBG). B: Vascularized fibula and ICBG. C: Allograft and ICGB. D: Distraction osteo- 
genesis (uniplanar external fixation). E: Distal femoral prosthetic replacement. F: Vas- 
cularized fibula knee fusion. G: Allograft knee fusion. H: Distraction osteogenesis knee 
fusion (Ilizarov multiplane external fixator). 
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A particularly challenging problem is the SCF 
nonunion with a prominent segmental defect. Small de- 
fects can be shortened and bone grafted. A larger bone 
defect may require a vascularized fibular graft^"^’^^ in 
combination with iliac crest bone grafting. Segmental 
allograft will provide excellent early structural support, 
but has a poor probability of healing (Fig. 19.33). Dis- 
traction osteogenesis, although a major advance, can be 
cumbersome and poorly tolerated. Prosthetic distal 
femoral replacement is occasionally considered in the 
elderly patient. Significant deficiency of articular carti- 
lage usually leads to arthrodesis or a knee arthroplasty. 
In the select patient, en-bloc osteochondral allografting 
may be indicated. The treatment options and their in- 
dications can be complex and are outlined in Fig. 19.34. 

Refracture following plate or hardware removal is 
treated according to the principles previously cited. Bost- 
man^^ has reported a 10% mean refracture rate at an 
average 26 months following plate removal. The previ- 
ous use of supplemental interfragmentary screws sig- 
nificantly increased the risk of refracture in that series. 
Routine plate or rod removal is not advised. 

Malunion 

Intraarticular malunion usually progresses to posttrau- 
matic arthritis (see Fig. 19.21).^^ Realignment intraar- 
ticular osteotomy is rarely indicated and reserved the 
younger patient. Total knee arthroplasty (TKA) can be 
quite useful in the elderly, especially following the de- 
velopment of posttraumatic arthritis. 

Extraarticular malunion has decreased with the ad- 



vent of modern surgical and fluoroscopic techniques. It 
is more common in the SCF fracture treated closed (Fig. 
19.35). SCF malunion in the elderly rarely causes 
enough functional disability to warrant the risks of 
surgery. 

When surgery is elected, preoperative planning is crit- 
ical in the management of this complication. Deformi- 
ties occur in varying degrees of angulation, translation, 
and rotation. Realignment osteotomies, to treat defor- 
mities either acutely or via distraction osteogenesis, are 
based about the CORA for most traditional methods. 
When there is more than one CORA, they should all 
be addressed or resolved. Newer, gradual, computer-as- 
sisted methods of deformity correction are beyond the 
scope of this chapter. 

Traditionally, a closing wedge osteotomy has been 
the most common method of correction (Fig. 19.36). It 
is best applied at the closing wedge CORA to allow re- 
alignment of the mechanical axis of the limb. These cor- 
rections are usually best fixed with a plate if it can be 
applied on the tension side of the deformity. The artic- 
ulated tensioning device or the femoral distractor can 
be helpful. The wedge removed is a good source of bone 
graft. Slight shortening is accepted. 

An opening wedge osteotomy can restore length in 
addition to restoring normal limb alignment. It can be 
achieved gradually with external fixation and distraction, 
or acutely with bone grafting and internal fixation. These 
osteotomies are based on the opening wedge CORA. 
Bone healing with an opening wedge osteotomy is less 
reliable and usually limited to the pediatric population. 



Figure 19.35. Distal femoral malunion 
in closed treatment of supracondylar 
fracture. A: Segmental femur fracture. 
B: Diaphyseal fracture was treated with 
antegrade nail. Surgeon elected to do 
cast brace treatment of distal femoral 
component; malunion resulted. 
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Figure 19.36. Closing wedge 
osteotomy. (CORA, center of 
rotation and angulation.) 




Recently a focal dome osteotomy was described uti- 
lizing fixator-assisted nailing. This technique can be 
performed percutaneously, but care must be taken to 
avoid translation during fixation (Fig. 19.37). While tech- 
nically demanding, potential advantages include early 
union due to limited dissection. 



Oblique plane osteotomy is another commonly used 
technique to correct SCF malunion.^^^ Its advantages 
include excellent stability, potentially broad bone sur- 
faces to promote union, and the potential to restore a 
limited amount of length (Fig. 19.38). Its disadvantages 
include the considerable surgical exposure and meticu- 




Figure 19.37. Fixator assisted nailing. (Adapted with permission of Dr. Dror Paley.^^) 




236 R.E. Leggon, D.D. Feldmann, and R.W. Lindsey 




lous preoperative planning required. Chapman re- 
ported a 95% union rate with this method. 

When limb length discrepancy occurs following a dis- 
tal femur fracture, definitive treatment may consist of a 
shoe lift, limb lengthening, or contralateral limb short- 
ening. Lengthening can be achieved acutely or with 
gradual distraction. Lengthening a shortened limb that 
has an overlapped malunion can be accomplished 
acutely with osteotomy, use of the femoral distractor, 
and internal fixation. However, acute length restora- 
tion can be limited due to the risk for neurovascular 
compromise. Johnson^^^ advocates the use of the 
AO/ASIF (Arbeitsgemeinschaft fur Osteosynthesefra- 
gen/Association for the Study of Internal Fixation) frac- 
ture distractor applied directly to the osteotomy site, 
with fixation provided by either a 95-degree blade plate 
or an antegrade locking intramedullary nail. In his se- 
ries, he was able to lengthen femora by an average of 
3.2 cm, maintaining bone contact without any adverse 
affects. We do not recommend acute lengthening that 
creates a gap, even if graft is applied. 

Lengthening of larger discrepancies is usually ac- 
complished utilizing the Ilizarov technique of distraction 
osteogenesis. This technique relies on gradual distrac- 
tion with external fixation to form new bone in the dis- 
traction gap. Preservation of the periosteal sleeve at the 
osteotomy site is crucial. The learning curve is steep and 
the regenerate is less predictable in older patients. 

Femoral lengthening over an intramedullary nail (Fig. 



19.39) is an option in the adult population, with ad- 
vantages including decreased duration of external fixa- 
tion, protection against refracture, and earlier rehabili- 
tation.^^^ The technique is technically demanding as 
there is little room proximally for both the external fix- 
ator pins and the femoral nail. The technique is limited 
by retained hardware, and lengthens along the anatomic 
and not the mechanical axis. 

Closed intramedullary shortening of the contralateral 
femur is a reasonable option in select patients 
(Fig. 19.40). This technique allows immediate weight 
bearing and functional return. Disadvantages include the 
shortening of stature and an operative intervention on 
a normal limb. The procedure can be performed closed 
with an intramedullary saw, and following length cor- 
rection an IM nail may be inserted. Autologous bone 
graft may also be added to the IM canal if additional 
bone is needed. Dysfunction of the quadriceps and ham- 
strings following a femoral shaft shortening procedure 
has been reported. Holm and coworkers^^"^ demon- 
strated a significant decrease in muscle function up to 
2 years postsurgery. They concluded that shortening the 
femur by 10% or more would have long-term effects. 

Stiffness 

When stiffness does occur, and the patient exhausts con- 
servative measures, the surgeon may need to correct 
the block to range of motion. Manipulation under anes- 
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Figure 19.40. Closed intrannedullary shortening of femur. (Adapted from 103, 104.) 



thesia naay be indicated and the risks include refracture 
and/or disruption of the extensor mechanism. Usually 
extrinsic scarring of the extensor mechanism in the 
supracondylar area is at least partially responsible, and 
therefore arthroscopy alone is rarely of benefit. 

A Judet quadricepsplasty^^^’^^^ is the procedure of 
choice when significant scarring of the extensor mech- 
anism occurs to the distal femur (Fig. 19.41). A lateral 



approach to the knee may be extended proximally to 
within 4 to 5 cm of the greater trochanter depending 
of the exposure necessary. A lateral capsulotomy is per- 
formed and lateral patellofemoral and suprapatellar 
pouch adhesions are released. The vastus lateralis and 
vastus intermedius are freed from femur and linea as- 
pera, and if further mobilization is necessary, the rectus 
femoris can be released from the pelvis. We do not rec- 



Figure 19.41. Judet quadricepsplasty. 

A: Stiffness results after long leg-knee bridg- 
ing external fixation. Injury was open and 
comminuted. B: Schematic of technique of 
quadricepsplasty. If possible, one would like 
not to disrupt the continuity of the rectus 
femoris. Either anterior or simultaneous 
medial and lateral incisions can be utilized. 
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ommend transection of the quadriceps tendon in the 
supracondylar region. If necessary, an anteromedial in- 
cision may be used to free medial patellofemoral adhe- 
sions, the vastus medialis, the medial capsule, and other 
intrinsic contractures. Tight intrinsic and extrinsic con- 
tractures are released sequentially until the desired range 
of motion is obtained. Exposure must allow resection of 
any bony bars. Alternatively, the mentioned releases 
may be performed through an anterior incision that has 
wide medial and lateral skin flaps. The wound is closed 
over a drain and may be splinted in flexion. Continuous 
passive motion and postoperative epidural anesthesia 
are aids to maintaining motion. 

Posterior capsular release may be considered for some 
flexion contractures. Hamstring lengthening or release 
may also be necessary. In the extreme case, gradual cor- 
rection via a multiplanar external fixator with a hinge 
placed near the instantaneous center of rotation of knee 
is an option. Postoperative immobilization in extension 
is required following either acute or gradual correction. 

Osteoarthritis 

The treatment of posttraumatic arthritis is similar to that 
for osteoarthritis (OA). Unicompartmental OA in an 
active young individual may be an indication for an os- 
teotomy. The objective is usually slight overcorrection 
to unload the involved compartment. The osteotomy can 



be performed in either the femur or the proximal tibia, 
but preferably at the site of the major deformity. 

Knee arthrodesis is a viable salvage procedure to be 
considered when bony injury is severe, the extensor 
mechanism is disrupted, the articular surface is de- 
stroyed, or fulminant infection occurs. Fixation 

with a locked femoral-tibial nail is a sound technique in 
the absence of sepsis. The Ilizarov external fixator is 
useful with deformed bony anatomy or in cases involv- 
ing infection (Fig. 19.42). 

Joint replacement arthroplasty is an ideal solution for 
the elderly. Custom prostheses with long stems that are 
more constrained may be necessary. Contraindications 
for arthroplasty include sepsis or loss of the extensor 
mechanism. The authors have found that the posttrau- 
matic patients are more prone to stiffness following TKA 
than are the typical OA patients. 

Vascular Compromise 

As mentioned previously, we are discussing vascular in- 
jury in this chapter so that this complication from the 
injury is treated appropriately. Vascular injury from the 
treatment of the fracture itself is extremely rare. The 
prevention of complication in these cases was already 
discussed. Figure 19.43 demonstrates the worst-case 
scenario of loss of limb from an inappropriately man- 
aged injury. 




ABC D 



Figure 19.42. Knee arthrodesis as a salvage for osteoarthritis. A: Posttraumatic degenerative Joint disease resulting from distal 
femur fracture. Knee is nearly ankylosed and painful. B: Longstanding view shows mechanical varus of 20 degrees. The patient 
has had a previous tibial-calcaneal fusion and walks on the lateral border of the foot. C: Surgeons opted against total arthroplasty 
because of prior history of infection, poor soft tissue envelope, and injury to extensor mechanism. D: Successful knee fusion 
with realignment of limb and resultant 0-degree mechanical axis. The patient’s satisfaction was high not only because of the 
lack of knee pain, but also because of a more plantigrade foot. 
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ABC 



Figure 19.43. Disaster in the treatment of vascular compromise. A and B: Floating knee injury. Excessive warm ischemic time 
following transfer from initial facility where lack of pulse was noted in the preoperative holding area. Formal angiogram further 
delayed treatment. C: Internal fixation began after warm ischemic time of 10 hours. Fixation consisted of antegrade femoral 
nail, redraping for a tibial nail, followed by vascular bypass. Delayed fasciotomy did not prevent amputation days later. 
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Fractures of the Patella 
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P atella fractures account for approximately 1% of 
all orthopaedic fractures.^ Injuries to the patella 
occur from either direct or indirect trauma. Direct 
injury mechanisms include blows, falls, or dashboard im- 
pacts, while indirect fractures occur due to longitudinal 
forces from the violent contraction of the quadriceps. 

The principal goal in the treatment of patellar frac- 
tures is the surgical restoration of the extensor mecha- 
nism and anatomic reconstruction of the articular sur- 
face. Stable fixation is essential if motion is to be started 
early in the postoperative course. Frequently these goals 
can be challenging due to associated risk factors such 
as soft tissue injury, comminution, the subcutaneous lo- 
cation of the patella, poor patient compliance, and tech- 
nical errors. All these factors can contribute to the de- 
velopment of complications. 

Knee stiffness, loss of reduction (secondary to hard- 
ware failure or refracture), posttraumatic osteoarthrosis, 
hardware irritation, infection, nonunion, malunion, and 
avascular necrosis are the major complications that may 
arise during the treatment of patellar fractures. This 
chapter provides a brief historical review of the treat- 
ment of these fractures, their complications, as well as 
their prevention and treatment. 

ANATOMY AND BIOMECHANICS 

The patella, the largest sesamoid bone in the body, is 
a triangular bone that lies within the quadriceps tendon. 
The proximal portion is wide and tapers to a distal in- 
ferior pole. The articular surface is divided into medial 
and lateral facets separated by a vertical ridge. In the 
majority of patients a second vertical ridge exists near 
the medial border and separates the medial facet from 



the odd facet. The lateral facet, the largest, accounts for 
more than 50% of the articular surface. The proximal 
three-fourths of the patella is covered with thick articu- 
lar cartilage (typically greater than 1 cm thick), while the 
distal pole is nonarticular. 

The quadriceps aponeurosis inserts proximally into 
the superior pole of the patella. A thin layer then ex- 
tends anteriorly over the patella and joins with the patel- 
lar tendon at its origin on the inferior pole. The fascia 
lata and iliotibial band also coalesce proximally, with the 
quadriceps tendon. The medial and lateral patellar reti- 
naculi are formed by expansions from the quadriceps 
that pass medially and laterally to the patella as well as 
deep transverse fibers that originate from the epi- 
condyles. The patellar tendon originates from the infe- 
rior pole and inserts into the tibial tubercle. The quadri- 
ceps tendon, medial and lateral retinaculi, the patella, 
and the patellar tendon form the extensor mechanism 
of the knee. 

The blood supply to the patella is mainly derived from 
an extraosseous anastomotic ring lying over the exten- 
sor mechanism. The superior, middle, and inferior 
geniculate arteries supply the ring. The intraosseous 
blood supply is made up of the midpatella vessels that 
penetrate the middle third of the anterior patella, and 
polar vessels that enter the patella through the inferior 
pole. Both are derived from the anastomotic ring and 
this arrangement is important in understanding the 
mechanism of avascular necrosis and its relationship to 
fracture pattern. 

The principal function of the patella is to increase 
the mechanical advantage of the quadriceps tendon. The 
patella transmits the force generated by the quadriceps 
to the patellar tendon but also serves to elevate the lever 
arm of the extensor mechanism from the axis of rota- 
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tion of the knee: Studies have shown that the patella 
causes an increase in the quadriceps moment arm by 
almost 30% at full extension. ^ The patella also functions 
to protect the femoral condyles from injury and aid 
in nourishment of the inferior articular surface of the 
femur. 

The loads upon the patella vary greatly with knee 
position. At full extension, the primary load is tension. 
With the knee flexed, the patella is compressed (de- 
scribed as the patellofemoral joint reactive force) against 
the distal femur, resulting in three-point bending (com- 
pression posteriorly and tension anteriorly). Anterior 
tension is greatest between 45 and 60 degrees of flex- 
ion.^ Because both the posterior articular surface of the 
patella and the anterior articular surface of the femur 
are convex, only a small portion of the two articular sur- 
faces is in contact at any given time. It has been demon- 
strated that through a full range of motion only 13% to 
38% of the patellar surface is load bearing.^ Therefore, 
due to the small patellofemoral contact and the large 
amount of force generated across the patellofemoral 
joint, the patellofemoral contact stresses exceed those 
of other major weight-bearing joints for virtually all 
activities.^ 



HISTORICAL SUMMARY 

Historically the treatment of patella fractures has re- 
flected our evolving appreciation of patellar function. 
Prior to the 1820s, most of these fractures were treated 
nonoperatively with splinting in extension. The result- 
ing fibrous union with residual knee stiffness and de- 
creased strength convinced some surgeons to try more 
invasive methods of treatment. Early stabilization con- 
sisting of external fixators with percutaneous pins con- 
nected by leather straps or metal wires to provide com- 
pression was tried. ^ A percutaneous clamp described by 
Malgaigne^ soon followed. 

Around 1877 Sir Hector Cameron^ performed the 
first open reduction and internal fixation of a patella 
fracture in Scotland. His technique consisted of silver 
wires threaded through drill holes. By the early 1900s, 
open reduction and wire fixation had become the 
method of choice. A variety of suture materials were de- 
veloped. With the development of aseptic surgery, in- 
fection, the primary objective to open reduction and in- 
ternal fixation, had been overcome. 

About this same time, some physicians began to ques- 
tion whether the patella was essential enough to pre- 
serve. Authors such as Brooke, Hey-Groves, and Wat- 
son Jones suggested the patella actually inhibited the 
action of the quadriceps, and patellectomy improved the 
strength of the extensor mechanism.^ For a brief pe- 



riod, total patellectomy was thought to be reasonable 
for all types of patella fractures. However, as many as 
50% of patellar fractures treated in this manner were 
complicated by poor results.^ 

Improved methods of internal fixation, research es- 
tablishing the biomechanical function of the patella, and 
the poor results of total and subtotal patellectomy helped 
to disdain the view of patellectomy as the treatment of 
choice for all patellar fractures. Thompson, who in- 
troduced partial patellectomy, helped clarify that the 
optimal treatment for patellar fractures consisted of re- 
construction of the patella, partial patellectomy with ten- 
don repair, or total patellectomy with extensor mecha- 
nism repair. These are the same basic options available 
to today’s surgeons. 

A major advance in the management of patellar frac- 
tures occurred in the early 1950s with Pauwel’s devel- 
opment of the anterior tension band.^^ This biome- 
chanically sound method was later modified by the 
Arbeitsgemeinschaft fiir Osteosynthesefragen (AO) and 
currently seems to offer the best results in stabilization 
of the majority of patellar fractures. Partial patellectomy 
and total patellectomy still remain options in excessively 
comminuted or contaminated fractures. Indications for 
each are dependent on the specific type of fracture to 
be treated. Unfortunately, early complications in the op- 
erative treatment of patella fractures can still reach 
25%, even with modern techniques and the best of 
surgeons. 



COMPLICATIONS 
Knee Stiffness 

Decreased range of motion is the most common com- 
plication noted after treatment of patellar fractures. In 
fact, loss of motion after a patellar fracture has been 
described as the rule rather than the exception.^ The 
extent of lost knee flexion is often greater than that of 
extension, and may be related to the tendency of many 
to splint in extension. Functionally, however, a small 
loss of extension (as little as 15 degrees) is usually more 
of a clinical impairment than a similar loss of flexion. 

Loss of knee motion can result from both extrinsic 
and intrinsic causes. Extrinsic contracture involves 
contracture of the soft tissues — the capsular, ligamen- 
tous, or muscular. Capsular and ligamentous adhesions 
can occur in the medial compartment, lateral compart- 
ment, or the region of the suprapatellar pouch. Ectopic 
calcification of ectopic bone formation can bridge these 
structures. Loss of elasticity and excursion of the quadri- 
ceps muscle group is usually more extensive than that 
of the hamstrings. Intrinsic contracture implies a carti- 




246 R.E. Leggon, J.S. Henry, and R.W. Lindsey 



laginous or osseous origin. Intraarticular adhesions be- 
tween the patella and femur, or between the femur and 
tibia, can predominate. Loss of articular cartilage, with 
exposed bone can accelerate this process. Rarely, union 
between the opposing bony surfaces can occur. Finally, 
intrinsic contracture can result from gross articular sur- 
face distortion due to the initial trauma, or due to in- 
adequate or failed reduction. 

Loss of Reduction and Loss of Fixation 

Loss of reduction or loss of fixation prior to healing has 
been reported to occur in up to 20% of operatively 
treated patellar fractures. Factors that may precipitate 
this complication include unrecognized comminution, in- 
adequate or improper fixation technique, an inadequate 
period of postoperative joint immobilization, poor bone 
quality, or poor patient compliance. It is extremely un- 
common following nondisplaced fractures. Proper sur- 
gical technique, with attention to the biomechanical 
characteristics of the construct used, is paramount, es- 
pecially in the more challenging fractures. Refracture, 
although rare, has been reported at an incidence vary- 
ing from 1% to 5%.^ 

Loss of reduction or fixation in the management of 
patella fractures usually culminates in functional com- 
promise. If an articular step-off occurs and is accepted, 
posttraumatic arthritis may ensue. A distraction gap 
between fragments may lead to nonunion. Revision 
surgery is often indicated, but the risk of wound com- 
plications or knee stiffness may be prohibitive. Even the 
simplest of fractures warrant stable fixation if the joint 
is to be mobilized early. 

Osteoarthritis 

Posttraumatic patellofemoral osteoarthritis following 
patella fracture is not uncommon. Nummi^^ reported a 
long-term incidence of 56% in a study of over 700 patel- 
lar fractures. Sorensen^^ demonstrated a 70% incidence 
of patellofemoral arthritis in patients 10 to 30 years af- 
ter fracture compared with a 31% incidence in the con- 
tralateral, uninjured knee. The development of osteo- 
arthritis has been attributed to several factors. Damage 
to the articular cartilage at the time of injury can play 
a major role. Even a blow to the cartilage without a frac- 
ture can result in eburnation and ensuing arthritis. Con- 
tinuous passive motion has been felt by some to aid in 
healing and remodeling of full-thickness defects in ar- 
ticular cartilage. 

The healing and remodeling of osteochondral step- 
offs are substantially different, however, from cartilage 
defects. Increased cartilage pressures are generated in 
the high side of the defect. While cartilage and sub- 
chondral bone can adapt to their surface incongruities 



by remodeling their surface, the remodeling is incom- 
plete.^^ Continuous passive motion does not appear to 
improve healing or remodeling, particularly for large 
step-offs. 

Patellar enlargement following fracture has also been 
shown to cause patellofemoral arthritis. Exuberant bone 
formation may ensue after treatment of a comminuted 
fracture. This bone, combined with articular cartilage in- 
jury and osteochondral step-off, can be difficult to man- 
age (Fig. 20.1). 

Comminuted patellar fractures requiring partial patel- 
lectomy are reported to account for 20% to 26% of all 
patellar fractures. Patients treated by partial patellec- 
tomy may pose a particular problem. The patellar con- 
tact area moves proximally with increasing flexion. Loss 
of a comminuted fragment can signifigantly alter these 
forces, increase contact pressures, and subsequently be- 
come a source of patellofemoral pain and produce an 
increased incidence of patellofemoral arthritis. In a long- 
term follow-up study of 56 patients with patellar frac- 
tures treated with partial patellectomy, 55% developed 
radiographic arthritic changes. 

Patella baja or alta, or imbalance of the retinaculum 
causing lateral tilt, are also contributing factors. Radio- 
logic studies including standing anteroposterior and lat- 
eral views are useful in measuring patella baja/alta 
and the Insall-Salvati ratio of patella ligament length/ 
patellar length (normal less than 1.2). Axial tangential 




Figure 20.1. Chondral injury, osteoarticular step-off, and ex- 
uberant bone formation all contribute to patellofemoral post- 
traumatic arthritis. 
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views using knee flexion angles from 20 through 55 de- 
grees are helpful in evaluating congruence of the patel- 
lar facets, cartilage loss, subchondral step-offs or scle- 
rosis, and dynamic tracking. 

Symptomatic Hardware 

Hardware irritation of the soft tissue surrounding the 
patella is also very common. The subcutaneous position 
of the patella allows the hardware to be easily palpable. 
Wires and wire knots can cause irritation of the joint 
capsule or patellar/quadriceps tendon, while screws 
tend to be less irritating. Wire breakage can also be a 
source of pain, especially with intraarticular migration. 

The exact percentage of patients is unknown, but re- 
moval of the hardware secondary to irritation is neces- 
sary in at least 18%^^ of cases and in our experience 
even higher. Although some surgeons would not con- 
sider hardware irritation a complication, the fact that 
many patients require additional surgery suggests that it 
can have a significant influence on patient outcome. The 
risk of symptomatic hardware and the possible need 
for a second procedure should be discussed with the 
patient. 

Infection 

Infection following the surgical treatment of the patella 
is relatively uncommon but very significant. Reported 
rates range from 3% to 10%, a relatively high rate of 
infection in any series of open reduction and internal 
fixation procedures. Higher infection rates have been 
cited following treatment of open fractures. 

The infection severity is dependent on the depth of 
the infection (superficial or deep), the adequacy of the 
soft tissue envelope, the extent of bony involvement, 
and the virulence of the infection organism(s). The sub- 
cutaneous position of the patella with its overlying skin 
can present a difficult problem in the treatment of patel- 
lar fractures. Interestingly, the management of the soft 
tissue envelope may be more challenging than the bony 
injury (Fig. 20.2). Unfortunately, some patients experi- 
ence severe injury to the soft tissue envelope, which can 
lead to skin slough, the need for a muscle flap, deep in- 
fection, or spontaneous knee fusion. 

The risk of an infection includes factors that are as- 
sociated with the mechanism of injury, the treatment, 
and with the quality of the host itself. Factors that are 
associated with the injury itself are related to the energy 
of the injury and the degree of contamination. Open 
fractures, avascular bone, comminution, soft tissue in- 
jury, loss of tissue, compartment syndrome, and vascu- 
lar injury also predispose to infection. Factors associ- 
ated with treatment include inappropriate antibiotic 
prophylaxis, extensive surgical dissection, inadequate 




Figure 20.2. Occasionally, treatment of the soft tissue injury 
may be more important than that of the bony injury. 

fixation, poor soft tissue management, prolonged op- 
erative time, and a delay in operative intervention. Fi- 
nally, the health of the patient may significantly affect 
the infection potential. Conditions such as end-stage re- 
nal disease, diabetes, chronic steroid use, polytrauma, 
obesity, increasing age, and immunodeficiency syn- 
dromes may contribute to the type and route of infec- 
tion and an increased infection rate. 

Nonunion 

Historically most nonunions resulted after the nonoper- 
ative treatment of widely displaced patellar fractures. 
Sorensen^^ reported that between 1930 to 1951, 10% 
to 55% of patellar fractures treated nonoperatively did 
not unite. Currently, nonunion is reported in less than 
1% of displaced patellar fractures treated operatively,^ 
an improvement principally due to modern surgical 
technique. 

The severity of the nonunion can vary from an 
asymptomatic fibrous nonunion to an infected, painful 
nonunion, to a scarred comminuted nonunion with per- 
sistent displacement and loss of extensor capacity. A 
minimally displaced fibrous nonunion typically presents 
following an unrecognized or untreated fracture. Asep- 
tic nonunions most often occur after failure of fixation 
and loss of fracture reduction. Infection may cause 
nonunion even without loss of fixation. Appropriate 
treatment is based on the etiology of the nonunion and 
the patient’s symptoms and functional demands. 

Avascular Necrosis 

Displaced patellar fractures, especially transverse frac- 
tures through the middle one-third, are at increased risk 
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for developing avascular necrosis (AVN). The proximal 
pole is at greater risk than the distal pole, which has a 
dual blood supply. The incidence of AVN has been re- 
ported to range from 3.5% to 24%.^ Scapinelli^^ de- 
scribed 41 cases of AVN, 38 of which involved the prox- 
imal pole. The amount of initial separation seems to 
correlate with the risk of AVN. AVN occurs more fre- 
quently following circumferential stabilization techniques 
that occlude the peripatellar vessel blood supply.^ The 
radiographic findings consistent with AVN are usually 
visible within 1 to 2 months following fracture. 

Initially the radiographic density of the infarcted area 
seems normal. As the injured knee is rested the area 
becomes osteoporotic from disuse. The infarcted area, 
from having no more blood supply, cannot undergo 
osteoporosis and becomes relatively more dense. As 
creeping substitution occurs, new living bone may be 
deposited on the surfaces of the necrotic trabeculae, 
resulting in an absolute increase in the radiographic 
density of the repairing infarct. Occasionally, when re- 
pair stalls, calcification may also occur in the necrotic 
marrow. 

PREVENTION OF COMPLICATIONS 




Figure 20.3. The surgeon forgot the tension band portion of 
the tension band wiring construct. The patient was then 
braced and the contracture accepted. 



Knee Stiffness 

The most important factor in preventing knee stiffness 
is stable fixation, which permits early active or passive 
motion. Modern fixation techniques generally allow knee 
range of motion to begin within 2 weeks postsurgery. 
Early motion not only is beneficial in preventing stiff- 
ness, but also may provide a beneficial effect for carti- 
lage defect healing. According to Nummi,^^ immobi- 
lization for 4 weeks or less postoperatively provided 
good results in 83% of patients compared with 15% in 
patients immobilized 8 weeks. Once the fracture is 
healed, the patient should be progressed from low re- 
sistance early motion to aggressive physical therapy 
aimed at regaining preoperative strength as well as a 
functional range of motion. 

Joint contracture is always the result of inactivity, and 
may be unavoidable due to associated complications. 
Frequently the complication is an unstable method of 
fixation, which causes the surgeon to opt for prolonged 
immobilization (Fig. 20.3). Pain from prominent hard- 
ware often can be especially detrimental, as the patient 
is reluctant to comply with physical therapy (Fig. 20.4). 
Other complications such as malreduction with an ar- 
ticular step-off, infection, and multiple surgeries can also 
be contributory. 

Patients with closed head injuries or polytrauma who 
are unable to participate in appropriate postoperative 
physical therapy represent a particularly difficult reha- 
bilitation challenge. A team approach coordinated with 



the trauma service, critical care workers, and physical 
and occupational therapists can affect the ultimate func- 
tional outcome. Even in the most critical patient the 
goal should always be early motion, either passive or 
active. 




Figure 20.4. Anteropostero (AP) and lateral x-rays show un- 
necessarily prominent hardware interiorly. This fixation led 
to pain with therapy and late stiffness. 
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Loss of Reduction and Loss of Fixation 

Surgical error is the most common cause of loss of re- 
duction. Recognition of the degree of comminution as 
well as the quality of bone available to support the cho- 
sen method of fixation are important factors in pre- 
venting loss of reduction. The type of fixation used 
should be influenced by the degree of comminution, frac- 
ture pattern, and surgeon expertise. 

Tension band wiring is the most versatile and com- 
monly used method for the fixation of patellar fractures 



(Fig. 20.5). One should include both pins and wires to 
prevent loss of reduction (Fig. 20.3). Additional Kirschner 
wires (K-wires) can be added in comminuted fracture pat- 
terns. The tension band wire can either be in a figure-of- 
8 or cerclage fashion. The authors prefer bending both 
ends of the pins to prevent migration and loss of fixation 
(Fig. 20.6). 

Apart from the standard tension band method pre- 
sented, there are many techniques available for open 
reduction and internal fixation of the patella, and nu- 
merous biomechanical studies have been performed test- 






Lie of tension band wiring. 
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Figure 20.6. Migration of wires and loss of fixation. Bend- 
ing both ends of the wire can help to prevent this complica- 
tion. 



ing the integrity of these various methods of fixation 
(Fig. 20.7). Burvant et al^^ compared the modified ten- 
sion band, anterior tension band with cerclage wire (the 
Pyrford technique), tension band with cancellous screws, 
cerclage wire and cancellous screws, and cancellous 
screws alone in a cadaveric study of transverse patellar 
fractures. They found that all methods functioned ade- 
quately (no fracture gap exceeding 1 mm), but the 
method of tension banding supplemented with cancel- 
lous screws performed best in preventing loss of reduc- 
tion. Those authors surmised that the addition of screws 
helped provide compression at the fracture site through- 
out a full range of motion. 

In a similar study, the mechanical properties of the 
modified tension band (AO technique), two parallel 
4.5-mm interfragmentary lag screws and two 4-mm can- 
nulated screws with a tension band through the screws 
were compared for transverse patellar fractures. The 
modified tension band technique was found to be the 
least effective of the three in preventing fracture sepa- 
ration. Fractures fixed with cannulated screws and a ten- 
sion band demonstrated failure at higher loads than 
screws alone, followed by patellae with tension band 
alone. 




Figure 20.7. A-F: Six methods of fixation for transverse patellar fractures. 
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These studies suggest that, in transverse patellar frac- 
tures with good bone quality, interfragmentary screw fix- 
ation is superior to the modified tension band technique 
in preventing loss of reduction. The use of a tension 
band through cannulated screws provided additional 
strength and should be considered. One should re- 
member, however, that these studies utilized a simple, 
transverse fracture pattern model. In the more com- 
minuted fractures or complex fracture patterns, the 
modified tension band technique is still a very versatile 
and viable option. Likewise, when dealing with fractures 
of a petite patella, it may be difficult to use the some- 
what larger screws. 

Augmentation of open reduction and internal fixation 
(ORIF) with a load-sharing cable has been shown to be 
effective in preventing loss of reduction. This cable loops 
through a drill hole in the proximal tibia and over the 
superior pole of the patella. It is strongly recommended 
to augment the repair of an inferior pole patella frac- 
ture (Fig. 20.8). A load-sharing cable can also be used 
to reinforce a tenuous tension band wire repair. 

A study performed by Perry^^ compared the stabil- 
ity of patellar fixation protected with a load-sharing ca- 
ble against tension banding or interfragmentary fixation 
alone. For both methods the addition of a load-sharing 
cable resulted in a statistically lower incidence of failure. 
In the clinical portion of the same study, the increased 
stability offered by the cable allowed for earlier postop- 



erative mobilization than with standard fixation tech- 
niques alone. 

Patient compliance is an extremely important factor 
in preventing loss of reduction. The management of 
postoperative mobilization should depend on the stabil- 
ity of the reduction, but be modified according to the 
ability or willingness of the patient to comply with ther- 
apy recommendations. Frequently the surgeon must bal- 
ance the potential complications of loss of reduction ver- 
sus loss of motion. 

Osteoarthritis 

Posttraumatic osteoarthritis of the patella can be mini- 
mized by accurate fracture reduction and stable fixation. 
It is important to inspect the articular surface at the time 
of reduction, either directly via arthrotomy, or indirectly 
via fluoroscopy or arthroscopy (Fig. 20.9). While direct 
articular cartilage damage at the time of injury is un- 
preventable, every effort should be made to avoid addi- 
tional insults to the articular cartilage during fixation. 

The patella is no longer thought of as expendable 
due to its important role in the biomechanics of the ex- 
tensor mechanism. In general every effort should be 
made to salvage as much of the patella as possible fol- 
lowing fracture. At times, though, this is not possible 
secondary to extensive comminution or contamination, 
and excision of part or all of the patella is necessary. 




Figure 20.8. Load-sharing cable. A: Repair of an inferior pole patella fracture with debridement of comminuted inferior pole 
fragments; the patellar tendon is sutured to the remaining patella utilizing three drill holes. B: AP and lateral x-rays depicting 
doubly tensioned dual wires to protect repair. 
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Figure 20.9. Prevention of osteoarthritis is prevention of 
malreduction. In surgery the dorsal surface appears congru- 
ent but the articular surface has a 5-mm step-off due to bone 
loss in this open fracture. The use of an accessory arthrotomy, 
intraoperative x-ray, intraoperative fluoroscopy, or arthro- 
scopic assistance is the standard of care to prevent malunion. 

Complete patellectomy can eliminate the rapid onset of 
patellofemoral arthritis, but at the expense of extensor 
strength (Fig. 20.10). 

If the fracture is treated by partial patellectomy, the 
manner in which the patellar tendon is reattached is crit- 



ical. Thirty years ago it was felt that if the tendon was 
reattached too far anteriorly, posterior rotation of the 
patella would occur, leading to an increased incidence 
of osteoarthritis, and posterior reattachment was rec- 
ommended.^^ Recent studies have demonstrated that an 
anterior reattachment of the patellar tendon following 
partial patellectomy significantly decreases the contact 
stresses of the patellofemoral joint with excision of less 
than 60% of the patella. Following excision of greater 
than 60% of the patella, the placement of the patellar 
tendon had no effect on patellofemoral contact stress. 

Symptomatic Hardware 

Hardware irritation is difficult to prevent secondary to 
the subcutaneous position of the patella. Obviously one 
must be aware that the hardware becomes more promi- 
nent with flexion (Fig. 20.11). Screws, although less ir- 
ritating than wires, are more difficult to insert and re- 
move. Wire knots and the bent ends of the K-wires 
should never be prominent, and attempts should be 
made to bury the more irritating surfaces within avail- 
able soft tissue. Wires may stretch less than braided su- 
ture, but often fail months or years later (Fig. 20.12). 
The fragments may migrate into the surrounding soft 
tissues and become irritating. Heavy, braided suture is 
an option. 

Infection 

Prevention of infection following ORIF of patellar frac- 
tures begins with the basics of aseptic technique, ap- 
propriate antibiotics pre- and postoperatively, and 



Figure 20.10. Patellectomy. AP 
and lateral x-rays show a severely 
comminuted patella fracture with 
disruption of the extensor mecha- 
nism. To avoid the likelihood of 
arthritis, patellectomy can be con- 
sidered but at some expense of ex- 
tensor strength. 
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Figure 20.11. AP and oblique x-rays 
show excessively prominent hardware. 



A 



B 



meticulous care when handling the surrounding soft tis- 
sues. A midline, longitudinal skin incision is the pre- 
ferred approach in most cases (least disvascular, most 
extensile, and more accommodating to revision surgery) 
(Fig. 20.13). A brief period of postoperative immobi- 
lization in extension may be necessary to protect injured 
soft tissues and prevent wound healing problems in 



some cases. Early detection and treatment of an infec- 
tion may help prevent chondrolysis, septic arthritis, and 
osteomyelitis. 

Open fractures are treated with immediate irrigation 
and debridement (repeated in 36 to 72 hours as needed), 
longer courses of antibiotics, and timing of fracture fixa- 
tion based on wound contamination. Fracture fixation 





Figure 20.12. Late wire failure as a source of hardware irri- Figure 20.13. Transverse incision. Later surgery such as knee 
ration. replacement is jeopardized by previous transverse incision. 
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should be delayed only in the most contaminated of cases. 
Bone grafting should be performed in a delayed fashion 
to minimize the risk of infection in open fractures. 

Current antibiotic recommendations for grade I and 
II (Gustilo classification^^) open fractures include 3 days 
of a first-generation cephalosporin (generally cefazolin, 

I g every 8 hours) intravenously, and for grade III open 
fractures, 5 days of cefazolin and gentamicin (2 mg/kg 
adjusted to serum levels). Addition of penicillin, 4 mil- 
lion units IV every 6 hours, is recommended for wounds 
with gross contamination (e.g., barnyard, lake, stream) 
to cover anareobic organisms (including Clostridium 
perfringens and Clostridium septicum, which can 
cause gas gangrene). Immunization against Colstrid- 
ium tetani also needs to be undertaken. 

Open fractures of the patella represent a high-energy 
injury, involving not only bone but also the surrounding 
soft tissue. Torchia and Lewallen^^ reported a post- 
operative deep infection rate of 10.7% with open patella 
fractures and noted a correlation between the incidence 
of postoperative infection and the magnitude of soft tis- 
sue injury. Their series included 57 open patella frac- 
tures treated with either ORIF or partial patellectomy. 
None of the grade I or II open fractures treated with im- 
mediate rigid internal fixation became infected, and they 
recommend immediate internal fixation of grade I and 

II open patella fractures. In the same series partial patel- 
lectomy of open, highly comminuted fractures provided 
results similar to those less comminuted fractures treated 
with internal fixation. Therefore, removal of contami- 
nated, loose fragments may decrease the rate of infec- 
tion. A 29% infection rate (two of seven patients) 
occurred following cerclage wiring, possibly due to cir- 
cumferential damage to the surrounding blood supply. 

When soft tissue coverage is necessary following an 
open patella fracture, usually a rotational gastrocnemius 
pedicle flap will suffice. If this not an option, a free flap 
(rectus abdominis, latissimus dorsi, etc.) is acceptable. It 
is important to avoid desiccation of the extensor mech- 
anism and cartilage surfaces, as appropriate soft tissue 
management can aid in healing and prevent infection 
and chondrolysis. 

When treating a fracture in a damaged soft tissue en- 
velope, external fixation or percutaneous suture repair 
may seem advantageous. Unfortunately, in this anatomic 
region external fixation can be bulky and poorly toler- 
ated by the patient. In addition, it carries with it the risk 
of secondary pin tract and late infections, and a tendency 
toward malreduction. Fracture displacement may be dif- 
ficult to reduce percutaneously because of entrapped 
hematoma or soft tissue. A tendency toward anterior 
separation of the fracture gap with percutaneous suture 
repair has been noted. The authors have not found 
this technique to be particularly reliable. 




Figure 20.14. Subtle fibrous nonunion 7 months after the 
diagnosis of knee contusion. 

Nonunion 

Nondisplaced, fibrous nonunions are associated with late 
diagnosis. These fractures may have been inappropri- 
ately treated following the assumption of knee contu- 
sion and failure to obtain an x-ray (Fig. 20.14). Diag- 
nosis may also be difficult in the head-injured, intubated, 
or polytrauma patient. The treatment of the nonunion 
is more difficult than that of the initial fracture, espe- 
cially when the extensor mechanism becomes fixed in 
a shortened position (Fig. 20.15). 

Attention to the basic tenets of fracture treatment 
cannot be overemphasized. Stable fracture fixation and 
attention to the blood supply and soft tissue envelope 
are crucial. Loss of fixation is contributory. Excessive 
motion at the fracture site due to unstable fixation may 
encourage fibrous tissue proliferation at the fracture site. 
Conversely, rigid stabilization with a fixed fracture gap 
is equally as deleterious. Incongruous bone edges can 
be debrided and the patellar stability and joint congruity 
can be improved by slightly shortening the patella. Sup- 
plemental bone grafting (autologous iliac crest) should 
always be considered. 

Avascular Necrosis 

Initial wide fragment separation and transverse fractures 
through the body are factors that may predispose the 
patella to AVN. Treatment with circumferential wiring 
has also been identified as a possible culprit and should 
be avoided. Preservation of blood supply is the key to 
prevention. 
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Figure 20.15. Missed patella fracture in a polytrauma pa- 
tient. Treatment of the nonunion more difficult secondary to 
a shortened extensor mechanism. 



TREATMENT OF COMPLICATIONS 
Knee Stiffness 

Aggressive physical therapy should begin during the 
process of fracture healing. If the patient fails to im- 
prove, then manipulation under anesthesia should be 
considered (Fig. 20.16). The surgeon should appreciate 
the amount of fracture healing as well as the integrity 
of the extensor mechanism and exercise extreme care 
during manipulation (especially following partial patel- 
lectomy). Noble and Hayek^^ reported a case of a bou- 
tonniere-type deformity of the knee following manipu- 
lation. Knee arthroscopy and lysis of adhesions as well 
as medial and/or lateral releases may also be necessary 
depending on the degree of patellar restriction. Hard- 
ware removal may occasionally be of benefit. 

Quadricepsplasty and lysis of adhesions is reserved 
for the most extreme cases of arthrofibrosis (see Chap- 
ter 19, Fig. 19.41). This procedure is particularly use- 
ful when there has been concomitant injury to the dis- 
tal femur and subsequent scarring and adhesion of the 
extensor mechanism along the distal femur. A modified 
Judet quadricepsplasty^^ involves the disinsertion and 
sliding of the quadriceps tendon. A lateral approach is 
used initially beginning at the level of the knee joint and 
may be extended proximally to within 4 to 5 cm of the 
greater trochanter, depending on the exposure neces- 
sary. A lateral capsulotomy is performed and lateral 




Figure 20.16. Manipulation under anesthesia to treat arthrofibrosis. A: Stellate fracture of the patella with limited disruption of 
the retinaculam but significant intraarticular stepoff. B: Arthroscopic-assisted open reduction and internal fixation (ORIF) resulted 
in union but with limitation of motion to 30 degrees of flexion. C: Active flexion after manipulation 3 months following initial 
surgery. 
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patellofemoral and suprapatellar pouch adhesions are 
released. The vastus lateralis and vastus intermedius are 
completely freed from the femur and the linea aspera, 
and if further release is necessary, the rectus femorus 
can be released from the pelvis. The authors do not rec- 
ommend transection of the rectus femoris in the supra- 
condylar region. If necessary an anteromedial incision 
may be used to free medial patellofemoral adhesions, 
the vastus medialis, the medial capsule, and other in- 
trinsic contractures. Tight intrinsic and extrinsic con- 
tractures are released sequentially until the desired range 
of motion is obtained. Alternatively, the mentioned re- 
leases may be performed through an anterior incision 
that has wide medial and lateral skin flaps. The wound 
is closed over a drain and may be splinted in flexion. If 
patellar fixation allows, continuous passive range of mo- 
tion is useful, and in certain cases can be supplemented 
postoperatively with a epidural anesthesia. 

Significant losses in extension are less common. 
When present the common etiologies include a dis- 
rupted or redundant extensor mechanism or, conversely, 
a fixed flexion contracture of the posterior capsule (in- 
trinsic) or hamstrings (extrinsic). Due to the risk of 
popliteal neurovascular injury, manipulation has a lim- 
ited role in these situations. 

Treatment of a disrupted extensor mechanism con- 
sists of repair of the involved structures. Reconstruction 
may be augmented by various methods (see Nonunion/ 
Malunion, below). Imbrication may be useful for re- 
dundant tissue. Loss of the patellar lever arm following 
total patellectomy may result in an extensor lag and 
weakness. The Maquet procedure moves the patella 
tendon forward, theoretically increasing the mechani- 
cal advantage. 

Posterior capsular release may be considered for in- 
trinsic flexion contractures. Hamstring lengthening or 
release is at times also necessary to address extrinsic 
contracture. In an extreme case, one could utilize a grad- 
ual correction via a multiplanar external fixator with a 
hinge placed near the instantaneous center of rotation 
of the knee. Slight distraction of the joint prevents chon- 
drolysis. Postoperative immobilization in extension is re- 
quired following either acute or gradual correction. 

Loss of Reduction 

The treatment of loss of patella fracture reduction should 
be individualized to the patient and fracture. X-rays should 
be obtained with the knee in full extension prior to revi- 
sion. If reduction is achieved, a limited course of exten- 
sion splinting may be successful. In patients with minimal 
displacement, treatment with a cylinder cast in full ex- 
tension is recommended until healing is demonstrated. 



Reoperation is indicated if there is greater than 3 to 
4 mm of displacement or greater than 2 mm of articu- 
lar step-off. As mentioned previously, conformation of 
an anatomic or near-anatomic reduction and attention 
to a sound biomechanical surgical technique can usually 
avoid this complication. Unfortunately, even in the best 
of hands, loss of reduction of the articular and nonar- 
ticular surfaces can occur with or without ultimate bio- 
mechanical failure of the construct. 

Treatment requires revision of the initial construct, 
and is directed toward the “weak link” in the construct. 
If the wire tension band fails, one must add more wires, 
often of thicker gauge. Knot breakage can be avoided 
by the use of the modern crimped cable systems. 
Kirschner pin migration is addressed by bending each 
end into soft tissue of bone. Failure due to cutting out 
hardware should be treated with placement in more 
sound bone, or limitation of early motion as indicated. 

Partial patellectomy can be a reasonable option if one 
of the bony fragments is particularly comminuted or 
small. This is especially common with inferior pole frac- 
tures. Total patellectomy is reserved for those situations 
involving the most severe degrees of comminution or 
osteopenia. One should remember that an augmenta- 
tion loop may be added in revision surgery whether a 
patellectomy is performed or not (Fig. 20.17). Unfor- 
tunately, the chance of success seems inversely pro- 
portional to the number of operations performed. 

Osteoarthritis 

Initial treatment of posttraumatic arthritis of the patella 
should consist of physical therapy, injection, and nons- 
teroidal antiinflammatories. Debridement generally pro- 
vides limited relief of pain. The authors have limited 
experience with arthroscopy for the treatment of post- 
traumatic arthritis of the patellofemoral joint. Anterior- 
ization of the tibial tubercle has been recommended by 
some. Theoretically this alters the contact pressures of 
the patellofemoral joint and may provide pain relief. The 
Maquet procedure is usually indicated only for young 
patients with intractable knee pain.^^ Patient selection 
is vital, and this procedure should be considered for sal- 
vage purposes only. 

Results following patellectomy for patellofemoral de- 
generative joint disease are still controversial. There are 
conflicting reports concerning the pain-reducing effects of 
patellectomy.^^ Despite early favorable results, others 
have been more skeptical. Kaufer^ demonstrated a 15% 
to 30% increase in the force necessary to produce full ex- 
tension after patellectomy. Smillie^^ asserted that patel- 
lectomy frequently led to the loss of the first 5 to 15 de- 
grees of extension, and loss of protection of the exposed 
femoral condyles. Lind^^ concluded that the pain-reduc- 
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Figure 20.17. Loss of reduction 
of an inferior pole patella frac- 
ture. A: Disruption of the repair 
following simple suturing of 
patellar bone fragments to- 
gether. B: Revision surgery in- 
cluding augmentation loop to 
protect the repair of tendon into 
the comminuted remaining 
patella. 



ing effect of patellectomy is generally poor. Fewer than 
50% of those who underwent patellectomy for os- 
teoarthritis had an excellent or good result. However, Lind 
emphasized that the less satisfactory results were obtained 
when there was concomitant tibiofemoral osteoarthritis. 

A more favorable experience was published by 
West.^^ In six of eight knees undergoing patellectomy 
for patellofemoral arthritis, the results were excellent or 
good. Patellectomy appears best indicated in cases of 
severe, isolated patellofemoral arthritis and pain to jus- 
tify the subjective symptoms of weakness and some 
quadriceps atrophy that are to be expected postopera- 
tively.^^ Patellectomy does allow for total knee replace- 
ment down the road with satisfactory results. 

Patellofemoral arthroplasty (prosthetic resurfacing of 
the patella and femoral groove) may also play a role in 
those patients with isolated patellofemoral osteoarthri- 
tis. In one study, the best results were obtained for patel- 
lar dislocation or fracture as compared to primary os- 
teoarthritis or dysplasia. In another study evaluating 
22 patellofemoral arthroplasties, 86% of the patients 
had good results when the presence of tibiofemoral 
arthritis was excluded. No cases of mechanical failure 
were noted at follow-up of 5.3 years. Other authors 
have reported varied success and note no advantage 
over total replacement in general. 

In summary, the treatment of patellofemoral arthritis 
can be extremely unrewarding. The authors reserve the 
Maquet procedure for relatively young patients with 
moderate, isolated patellofemoral arthritis. Total patel- 
lectomy is recommended for young and middle-aged pa- 



tients with severe patellofemoral arthritis. Prosthetic re- 
placement should be considered only in older patients, 
and combined with tibial-femoral replacement for mul- 
ticompartment disease. 

Symptomatic Hardware 

The treatment of symptomatic hardware is often simple: 
if it hurts and it’s healed, take it out. The possibility of 
refracture must be discussed. If it hurts and it’s not healed, 
two options exist. First, depending on the degree of pa- 
tient discomfort, the fracture should be ideally permitted 
to fully unite prior to removal. Second, revision of promi- 
nent hardware prior to healing is indicated to allow for 
patient compliance with physical therapy (Fig. 20.18). 
The authors do not advocate immobilization as reason- 
able treatment for symptomatic hardware. 

Infection 

Wound healing problems (or delayed healing) immedi- 
ately postoperatively need to be differentiated from in- 
fection and should be managed with local wound care 
and immobilization until healing is complete. Occasion- 
ally patients respond best to surgical debridement and 
delayed primary closure. Rarely, split-thickness grafting 
or muscle flaps (pedicle or free) may be necessary. 

Superficial wound infections should be treated with 
intravenous antibiotics, local wound care, and immobi- 
lization. Irrigation and debridement may be required de- 
pending on the degree of soft tissue involvement. If a 
deep infection is suspected, aspiration through an un- 
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Figure 20.18. Prominent hardware and multi- 
ple surgeries. A: Simple transverse fracture 
with retinacular disruption. B: AP and lateral 
x-rays show ORIF with oversized pins promi- 
nent superiorly. C: Pain with flexion due to 
prominent pins necessitated revision prior to 
bony union. These pins subsequently migrated 
inferiorly. D: Union and an excellent clinical 
result despite some malunion. The patient had 
a total of three surgeries, however. 




c 



D 



involved area may be helpful in making the diagnosis. 
The treatment of deep infections depends on several 
variables: the stage of fracture healing, the stability of 
the fixation, and the degree of bony involvement. All 
should be treated with culture-specific antibiotics and for- 
mal irrigation and debridement. In wound infections 
prior to fracture healing with stable fixation and viable 
bone, the hardware may initially be left in and treated 
by irrigation and debridement. The wound is left to heal 
via secondary intention or with delayed primary closure 
over drains (Fig. 20.19). If infection persists, one should 
search for any devitalized bone and consider partial 
patellectomy. The timing of hardware removal is cru- 



cial. Premature removal can lead to extensor mecha- 
nism disruption with proximal retraction of the quadri- 
ceps. Delayed removal can contribute to persistent in- 
fection. In severe cases total patellectomy may be the 
treatment of choice. Sequential debridements are per- 
formed until it is felt the infection has cleared. Infections 
that develop after fracture healing are somewhat easier 
to manage. They should be treated with hardware re- 
moval in addition to debridement. 

In the treatment of extensor mechanism infections 
one must be certain that the remainder of the knee joint 
is clear of infection. Septic arthritis, if present, may re- 
quire multiple debridements in addition to antibiotics. 









Figure 20.19. Treatment of infected patellar 
nonunion. A: Lateral and sunrise views of infected 
nonunion of a revised patella fracture. Note the 
gap on the lateral view and lysis around the 
screws on the sunrise view. B: After multiple irri- 
gations and debridements, this unusual fracture 
healed without bone grafting. Note the excellent 
motion. Fixation is stable enough to allow union. 
C: Eventual resolution of the infection with re- 
moval of hardware. The patient returned to work 
despite some patellofemoral pain. 
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Postinfectious arthritis of the knee, if severe, is best man- 
aged by an arthrodesis achieved by external fixation. 
Ancient septic arthritis may be managed with a total 
knee arthroplasty with an acceptable infection rate as 
long as the infection is truly ancient. 

Nonunion/Malunion 

Patellar delayed unions, once identified, should be 
treated initially with relative rest and observation. They 
will usually unite without surgical intervention. Occa- 
sionally one may consider bone grafting or revision of 
the construct. Electrical stimulation is of little benefit. 

The treatment of patellar nonunions should be pred- 
icated on the patient’s symptoms. Asymptomatic non- 
unions (painless, no extensor mechanism weakness) 
should be observed. This is especially so in patients with 
a low function demand. Extensive reconstruction of 
patellar nonunions should be reserved for those patients 
with pain and weakness. In a report of 20 patellar 
nonunions, Klassen and Trousdale"^^ concluded that 
minimally symptomatic delayed unions or nonunions 
can be successfully treated nonoperatively, knowing that 
the majority of the fractures will not unite. Operative 
management of symptomatic patients is recommended 
and can be expected to achieve union and increase func- 
tion of the knee. 

Surgical treatment should consist of excision of in- 
tervening fibrous tissue followed by internal fixation. 
Tension banding with cannulated screws, compression 
screw fixation (Fig. 20.20), or modified tension band- 
ing is acceptable. Bone grafting may or may not be nec- 
essary. Partial patellectomy should be considered if sta- 
ble fixation is not possible due to poor bone stock or if 
the nonunion is secondary to AVN. 

Satku and Kumar^^ describe treatment of patellar 
nonunions with modified tension banding and achieved 
excellent results in their three cases. Klassen and Trous- 
dale^^ reported union in 12 of the 13 operatively treated 
nonunions in their series. However, neither series dealt 
with infected nonunions. 

Tissue loss (bone and tendon) presents a particularly 
challenging problem. Bone defects are best treated with 
autogenous graft, or with partial or complete patellec- 
tomy. Tendon defects (patellar or quadriceps) are best 
replaced with autogenous tendon^^~^^ (semitendinousis, 
gracilis, fascia lata, quadriceps) or bone-tendon grafts^ 
(fibular head-biceps femoris, patella-quadriceps, tibia- 
patellar tendon-patella-quadriceps tendon). Allograft,^"^ 
or artificial materials^^'^^ may also be considered. 
Rarely, Ilizarov external fixation^^ may be utilized in 
cases of late reconstruction to gradually distract the con- 
tracted extensor mechanism (and also protect the re- 
construction). Massive extensor mechanism bone-ten- 




Figure 20.20. Treatment of fibrous nonunion (as depicted in 
Fig. 20.14) with compression screw fixation. AP and lateral 
views. 



don allografts are best avoided if possible. The clinical 
success of the various grafting options has not been 
compared. The authors have occasionally utilized both 
autogenous and allogenous graft materials with success. 
An augmentation loop should always be considered to 
help reinforce these constructs. 

Patellar malunion treatment is uncommon. The man- 
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agement goals are dependent on patient symptomatol- 
ogy and demand. The goal is the prevention of patello- 
femoral arthritis. The malunion is taken down and re- 
aligned. Solid fixation is then obtained. Indications 
include a step-off of greater than 2 mm. The surgeon 
must be sensitive to the risk of trading a small malunion 
for a big nonunion. The rehabilitation program is then 
the same as with a fresh fracture, although healing may 
be more prolonged. 

Avascular Necrosis 

The natural history of patellar AVN usually entails vary- 
ing degrees of patellofemoral arthritis. Treatment for 
avascular necrosis of the patella is generally observation. 
If patellofemoral arthrosis does develop and the patient 
is symptomatic, then treatment is as listed for os- 
teoarthrosis. 
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F ractures around the knee in children include epi- 
physeal and metaphyseal fractures, injuries of the 
growth plate, fractures of the distal femur and 
proximal tibia, avulsion fracture of the tibial spine, frac- 
ture of the tibial tubercle, and fracture or dislocation of 
the patella with osteochondral fractures. 

The epiphyseal injuries around the knee are rare, ac- 
counting for 1% to 6% of all epiphyseal injuries. 
These injuries can occur at any age in a growing child, 
with the highest incidence between ages 11 and 15 
years. The ligamentous injuries frequently seen in adults 
are rare in children. 

The clinical reviews indicate a high incidence of 
growth disturbances following physeal injuries. 
Other complications may occur with a different degree 
of severity. These include injuries to the popliteal artery^ 
and peroneal nerve, ^ stiffness of the knee, quadriceps 
atrophy, and osteoarthritic changes of the articular car- 
tilage. 

Treatment of these injuries requires anatomic reduc- 
tion of the articular surface and growth plate. The avulsed 
tendons and ligaments should be repaired. The fractures 
heal fast in children and the period of immobilization 
does not exceed 4 to 6 weeks. All patients require a pe- 
riod of rehabilitation to regain strength and motion af- 
ter a significant knee injury. 

SURGICAL ANATOMY 

The distal femoral epiphysis contains the medial and lat- 
eral condyle. The lateral border of the lateral condyle is 
in line with the lateral cortex of the diaphysis. Just prox- 
imal to the medial border of the medial condyle the 
metaphysis flares out to the adductor tubercle. On the 



posterior surface the condyles are separated by a deep 
intercondylar notch, which extends to the midpoint of 
each condyle. On the anterior surface the lateral condyle 
is almost vertical, while the medial condyle is more flat- 
tened and C-shaped.^^ 

Most of the external surface of the distal femoral epi- 
physis is covered by the articular cartilage for articula- 
tion with the patella and upper tibia. The tibial surface 
of each femoral condyle extends to the posterior sur- 
face, and the articular cartilage reaches the posterior 
margin of the distal femoral growth plate. The anterior 
surface of the femoral epiphysis has a shallow concave 
midline to accommodate the vertical ridge of the un- 
dersurface of the patella. 

The distal femoral growth plate is horizontal. It ex- 
tends from the adductor tubercle to just above the lat- 
eral epicondyle. It is slightly tilted anteriorly. 

The proximal tibial epiphysis has a slightly concave 
surface. The medial and lateral sides are separated by 
the anterior and posterior tibial eminence. The distal 
surface of the tibial epiphysis is concave to match the 
convex upper end of the proximal tibial metaphysis. The 
height of the epiphysis is greater on the lateral surface 
than on the medial side. The growth plate slopes down- 
ward and anteriorly, and extends distally under the tib- 
ial tubercle. The tibial tubercle is a downward projection 
of the tongue of the proximal tibial epiphysis. 

The position of the growth plate in the distal femur 
is extraarticular. The suprapatellar pouch bulges up su- 
periorly over the anterior surface of the distal femoral 
metaphysis. The synovial membrane, posterior capsule, 
and all the ligaments are attached to the femoral epi- 
physis, just distal to the growth plate. The medial and 
lateral collateral ligaments are also attached to the dis- 
tal femoral epiphysis below the growth plate. The plan- 
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taris and two heads of the gastrocnemius muscle origi- 
nate from the upper margin of the posterior surface of 
the distal femoral metaphysis. On the tibial side the syn- 
ovial membrane and the capsule are attached to the 
proximal tibial epiphysis proximal to the growth plate. 
The cruciate ligaments are attached to the anterior and 
posterior tibial eminence. The lateral collateral ligament 
is attached to the fibula, and the medial collateral liga- 
ment is attached to the upper tibial metaphysis beyond 
the growth plate. The patellar ligament is attached to 
the tibial tubercle and superficial to the downward ex- 
tension of the growth plate. The ligament then spans 
to either side of the tubercle and finally it is connected 
to the deep fascia in the upper tibial diaphysis. The 
patellar ligament is reinforced by the medial and lateral 
retinaculum. The semimembranous tendon inserts on 
both the epiphyseal and metaphyseal side of the growth 
plate in the posteromedial corner of the proximal tibia. 

The patella is the largest sesamoid bone in the body. 
It lies deep to the quadriceps tendon, with strong at- 
tachment of the extensor mechanism to its surface. 

Due to the anatomic position and bony configuration 
of the knee joint, the stability and strength of the knee 
is provided by the ligaments and tendons that surround 
it. A strong force puts tension on the ligaments and 
strain on the adjacent bone. When the amount of the 
force exceeds the resistant strength of the bone, the epi- 
physis will separate from the metaphysis. 

The popliteal artery is in close proximity to the pos- 
terior surface of the distal femur. It is separated from 
the distal femoral metaphysis by a thin layer of fat. The 
superior geniculate arteries are branched just above the 
femoral condyle. The popliteal artery continues distally 
and lies on the posterior capsule of the knee joint 
between the femoral condyles. The middle geniculate 
artery originates at the level of the joint capsule. The 
distal portion of the popliteal artery is separated from 
the posterior aspect of the upper tibia by the popliteus 
muscle. The inferior geniculate arteries originate at this 
level and enter the proximal tibial epiphysis. Under the 
soleal arch, the popliteal artery divides into the anterior 
and posterior tibial arteries. 

The epiphysis of the distal femur and proximal tibia 
have a rich blood supply from anastomosis of the genic- 
ulate arteries. Abundant blood supply in this region 
makes it less vulnerable to ischemic changes following 
injuries. The blood supplies of the patella are mainly from 
the superior and inferior genicular arteries, supreme 
genicular artery, and anterior recurrent tibial artery.^^’^^ 
Anastomosis from branches of these arteries covers the 
anterior surface of the patella and enters the patella in 
the middle third of the patella. 

The popliteal artery and its branches are prone to in- 
jury from a backward thrusting of the end of the distal 



femoral metaphysis at the time of the hyperextension 
injury, or by posterior displacement of the proximal tib- 
ial metaphysis during a physeal fracture of the proximal 
tibia. 

Above the popliteal space, the sciatic nerve divides 
into the peroneal and posterior tibial nerves. The pero- 
neal nerve travels between the biceps femoris muscle 
and the lateral head of the gastrocnemius muscle, to the 
level of the neck of the fibula. The stretching of the per- 
oneal nerve can occur during a varus tilt and medial ro- 
tation of the distal femoral epiphysis. Moreover, the su- 
perficial location of the peroneal nerve subjects it to 
direct contusion from a blow on the posterolateral as- 
pect of the knee. 

CLASSIFICATION OF EPIPHYSEAL 
FRACTURES 

The Salter-Harris classification^^ on the epiphyseal frac- 
ture is the most commonly used classification and is 
based on the radiographic finding of the fractures (Fig. 
21.1). Ogden^"^ has expanded the Salter-Harris classifi- 
cation by adding more subdivisions based on the differ- 
ent types of the epiphyseal injuries, including intraar- 
ticular injuries. 

Type I: There is complete separation of the epiphysis 
from the metaphysis, without any fracture of the epi- 
physis or metaphysis. 

Type II: The fracture is through the epiphyseal plate 
and extends through the metaphysis. A triangular seg- 
ment of the metaphysis (Thurston-Holland sign) is at- 
tached to the epiphyseal plate. 

Type III: The fracture is intraarticular, through the 
physis, and it extends to the epiphysis. 

Type IV: The fracture is intraarticular. The longitu- 
dinal fracture line starts from the metaphysis, crosses 
the growth plate, and exits through the epiphysis. 

Type V: The injury entails crushing or impacting of 
the growth plate with little or no displacement. This 
type of injury may not be visible on the initial film. 
In this instance, magnetic resonance imaging (MRI) 
demonstrates the impaction of the growth plate, mar- 
row edema, and subperiosteal bleeding (Fig. 21.2). 

Type VI: Mercer Rang^^ has added this type to the 
classification. This is a localized injury to the peri- 
chondral ring. A small fragment including a portion 
of the perichondrium and underlying bone is avulsed 
(Fig. 21.3). This may not be initially appreciated on 
the x-ray, especially if the avulsed fragment is very 
small. Following healing of the fracture, the bony 
bridge may cause angular deformity. 




TYPE 



TYPE II 



TYPE III 




TYPE IV 




Figure 21.1. Salter-Harris classification of epiphyseal fracture separation (arrows point to epiphyseal plates). Type I fracture in- 
volves only the growth plate. The epiphysis is completely separated from the metaphysis without any fractures involving the 
metaphysis or epiphysis. Type II fracture is through the growth plate and exits through the metaphysis with a triangular seg- 
ment of the metaphysis attached to the epiphyseal plate. Type III is an intraarticular fracture. The fracture is through the physis 
and exits through the epiphysis. Type IV is also an intraarticular fracture. The longitudinal fracture line starts from the metaph- 
ysis. It crosses the growth plate and exits through the epiphysis. Type V is a crushing or impacting injury of the growth plate 
with little or no displacement. Type VI is a localized injury to the perichondral ring. A small fragment including a portion of the 
perichondrium and underlying bone is avulsed. (Redrawn from ref. 15.) 





B 



Figure 21.2. A Salter-Harris type V 
fracture may not be visible on the 
initial x-ray. A: The initial x-ray may 
look normal. B: Magnetic resonance 
imaging (MRI) shows periosteal ele- 
vation, subperiosteal bleeding, im- 
paction of the growth plate, and 
marrow edema in the epiphysis and 
metaphysis of the distal femur. 
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Figure 21.3. In Salter-Harris type VI fracture, the x-ray shows 
avulsion injury to the edge of the growth plate, with a small 
fragment of a portion of the perichondrium and underlying 
bone. 

FRACTURES OF THE DISTAL 
FEMORAL EPIPHYSIS 

The growth plate of the distal femur is the largest and 
most actively growing physis in the body. It covers the 
70% of the length of the femur. Most of the ligaments 
are attached to the epiphysis of the distal femur. The 
growth plate and metaphysis of the distal femur have 
minimal ligamentus support. Thus, the distal femoral 
epiphysis is more prone to fracture separation than is 
the proximal tibial epiphysis. 

Fracture separation of the distal femoral epiphysis is 
rare, constituting 1% of all the physeal fractures. This 
fracture can occur at any age in children, with the high- 
est incidence being between ages 11 and 15 years. 

Mechanism of Injury 

Separation of the distal femoral epiphysis is caused by 
a sudden severe force applied in the region of the knee 
joint. The fracture is most often caused by an indirect 
injury. The impact of the force causes compression 
of the growth plate at the site of the impact and avul- 
sion or separation of the growth plate on the opposite 
side. The fracture begins with the separation of the epi- 
physis from the metaphysis on the tension side, and 
ends with an oblique fracture through the metaphysis 
on the compression side. 



The separation of the distal femoral epiphysis in chil- 
dren between the ages of 6 and 12 years is mostly due 
to motor vehicle and pedestrian accidents. In older chil- 
dren and adolescents, sports-related injuries are the 
cause of separation of the distal femoral epiphysis. 
Separation of the distal femoral physis can be detected 
in newborns at the time of a difficult delivery. ^T8,i9 
fracture can occur in other conditions such as arthro- 
gryposis multiplex congenita, myelomeningocele, 
osteomyelitis, and leukemia. 

Type of Fracture 

Classification of the fracture separation of the distal 
femoral epiphysis can be based on the anatomic pat- 
tern of the separation, or it can be based on the mech- 
anism of injury. 

Classification by Anatomic Location 

The anatomic classification of Salter-Harris^^ is useful 
for describing the injury and treatment plan. 

Salter-Harris type I is seen in newborns after birth in- 
juries or in adolescents as a nondisplaced separation. 
Either one may be easily missed. Often the diagnosis is 
made in retrospect when the subperiosteal new bone 
formation is seen in the follow-up x-rays (Fig. 21.4). In 
obvious cases, the displacement is usually seen in the 
sagittal plane. 




Figure 21.4. X-ray of the knee demonstrates widening of the 
growth plate and periosteal elevation with subperiosteal re- 
action, indicating a nondisplaced Salter-Harris type I fracture 
of the distal femur. (Courtesy of Dr. J. Richard Bowen, A. I. 
Dupont Institute.) 
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Salter-Harris type II is the most common type of sep- 
aration of the distal femoral epiphysis. The displacement 
is usually in the coronal plane. The triangular meta- 
physeal fragment is on the side toward which the epi- 
physis is displaced (Fig. 21.5). 

Type III is an intraarticular fracture. The fracture of the 
femoral condyle can occur in any area, but most of the 
time it is in line with the intercondylar notch (Fig. 21.6). 

Type IV is uncommon. In this type of fracture even 
a slight displacement may cause premature closure of 
the growth plate and asymmetrical growth of the distal 
femur. 

Type V may not be diagnosed on the initial x-rays. 
It is usually recognized at the time of premature growth 
arrest (Fig. 21.7). In this instance, MRI is very helpful 
for accurate diagnosis (see Fig. 21.2). 

Type VI is an avulsion injury to the edge of the growth 
plate. A small fragment including a portion of the peri- 
chondrium and underlying bone may be detached with 
the avulsion of the proximal attachment of the collat- 
eral ligament (see Fig. 21.3). 

Classification by Type of Injury 

Fractures involving the distal femoral physis can be di- 
vided into the following types according to the direction 
of the force causing the injury. 




Figure 21.5. In Salter-Harris type II, the fracture line is 
through the epiphyseal plate and exits through the metaphysis 
with a triangular segment of the metaphysis attached to the 
epiphyseal plate. The triangular piece of the metaphysis is on 
the side toward which the epiphysis is displaced. (Courtesy of 
Dr. J. Richard Bowen, A. I. Dupont Institute.) 




Figure 21 .6. Salter-Harris type III is an intraarticular fracture. 
The fracture line is through the growth plate and exits through 
the femoral condyle. The fracture of the condyle can occur in 
any area, but most of the time it is in line with the inter- 
condylar notch. (Courtesy of Dr. J. Richard Bowen, A. I. Dupont 
Institute.) 



Abduction (valgus) type: This type of injury is caused 
by a blow to the lateral side of the distal femur. This 
usually happens in high school football games. A sim- 
ilar type of injury in adults causes a tear of the me- 
dial collateral ligament and cruciate ligaments. On the 
medial side, the periosteum is torn and the distal 
femoral epiphysis is displaced laterally with a trian- 




Figure 21.7. Premature closure of the growth plate of the 
distal right femur occurred 4 months following a Salter-Harris 
type V injury. The initial x-ray at the time of the injury was 
interpreted as normal. 
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gular fragment of the lateral metaphysis. This type 
of fracture may go into spontaneous reduction and 
may be missed if the triangular metaphyseal fragment 
is small. Abduction injuries may be interpreted as a 
strain or tear of the medial collateral ligament. If there 
is any doubt, one can obtain special abduction stress 
views to confirm the diagnosis. 

Hyperextension type: By a hyperextension force the 
distal femoral epiphysis is displaced anteriorly. The 
displacement is exaggerated by the pull of the con- 
traction of the quadriceps muscle. The posterior 
periosteum is torn and the fibers of the gastrocne- 
mius muscle are stretched or torn. The distal femoral 
metaphysis is moved posteriorly into the popliteal 
fossa (Fig. 21.8). This injury is similar to dislocation 
of the knee in adults. There is a high chance of in- 
juries to the popliteal vessels and common peroneal 
and posterior tibial nerves.^ 

Hyperflexion type: This is an extremely rare injury. 
The distal femoral epiphysis is displaced posteriorly. 
This fracture is due to forceful flexion injury and is 
usually caused by a direct blow to the distal femur. 

Clinical and Radiographic Findings 

There is a history of severe injury to the lower extrem- 
ity. The child is in severe pain and unable to bear weight 




Figure 21.8. In hyperextension fracture and separation of 
the distal femur, the femoral metaphysis is displaced poste- 
riorly into the popliteal fossa, which causes impingement of 
the neurovascular structures in the popliteal region. (From ref. 
97, with permission.) 



on the injured leg. The knee is swollen and is held in 
the position of semiflexion. The child resists any pas- 
sive movement of the knee. With hyperextension injury, 
the femoral condyle may be palpated anterior to the dis- 
tal femoral shaft. There may be fullness of the popliteal 
region due to the hematoma or posteriorly displaced dis- 
tal femoral metaphysis. With lateral displacement there 
may be a valgus deformity. It is imperative to perform 
a complete neurovascular examination. The leg may be 
cold and cyanotic with absence of the posterior tibial 
and dorsalis pedis pulse. 

X-rays of the knee will demonstrate the type of the 
fracture. Sometimes the x-rays may appear normal. A 
careful examination of the x-rays is essential, looking 
for the triangular piece of the metaphyseal bone in the 
periphery of the growth plate. If indicated, a varus or 
valgus stress x-ray should be taken. If in doubt, one 
should obtain MRI of the knee, which will show signal 
changes in the region of the metaphysis and epiphysis 
of the distal femur (see Fig. 21.2). 

Treatment 

The goals of treatment of fractures of the distal femoral 
epiphysis are to obtain close to anatomic reduction, 
maintain the reduction, and avoid further damage to the 
growth plate. The stability of the knee joint is not af- 
fected by this type of fracture, because the ligaments 
and joint capsule are attached to the distal femoral epi- 
physis distal to the fracture line. The other objective of 
treatment is maintaining the functional range of motion 
of the knee and the strength of the muscles. 

The method of reduction depends on the type of frac- 
ture. In the displaced fracture, general anesthesia is re- 
quired to obtain adequate relaxation of the muscles. 
Prior to reduction the hemarthrosis should be aspirated 
to facilitate manipulation and reduction. The reduction 
should be performed by gentle manipulation. Prolonged 
and multiple forceful attempts for reduction may cause 
an adverse effect and further damage to the growth plate 
and other tissues. 

Closed reduction can be achieved up to 10 days af- 
ter injury. A Salter-Harris type I or type II may be 
spontaneously reduced before it is seen by the physi- 
cian. A displaced Salter-Harris type I or type II can be 
easily reduced by gentle manipulation. An open reduc- 
tion is usually required for the irreducible cases due to 
interposition of the torn periosteum, which is rolled in- 
side the separation. 

The nondisplaced Salter-Harris type I and type II frac- 
tures are immobilized in a well-padded and well-molded 
long leg cast. The displaced fractures are immobilized 
in a hip spica cast. In the anteriorly displaced fracture, 
the reduction is stable when the knee is held in 90 de- 
grees of flexion. Anterior displacement usually recurs if 
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the knee is held in less than optimal flexion. After 2 
weeks the cast is changed and the knee is brought to 
about 45-degree flexion. After 4 to 6 weeks the patient 
is allowed gentle active range of motion of the knee. 

Unstable anteriorly displaced fractures require percu- 
taneous pin fixation under fluoroscopy image. If the 
metaphyseal fragment (Thurston-Holland sign) is large 
enough, a threaded pin is placed transversely across the 
metaphyseal segments. The unstable Salter-Harris type 
II fracture with a large metaphyseal fragment requires 
internal fixation with a metaphyseal lag screw. If the 
metaphyseal fragment is very small, a smooth Kirschner 
wire (K-wire) is inserted from each condyle to the meta- 
physis. The direction of the pins should be through the 
central portion of the growth plate. 

The medial and lateral displacement is reduced by gen- 
tle manipulation, and the leg is immobilized in a hip spica 
cast. The knee is immobilized in extension and is molded 
with three-point fixation. In the abduction-type injury the 
pressure is applied laterally at the ankle and greater 
trochanter, and medially at the knee joint. In the ad- 
duction or medially displaced fractures, the three-point 
fixation is reversed. The pressure is applied medially at 
the ankle and groin area, and laterally at the knee joint. 
The plaster immobilization is used for 4 to 6 weeks. Fol- 
lowing removal of the cast, the patient starts gentle 
range-of-motion and muscle-strengthening exercises. 

Hyperflexion injuries are reduced with longitudinal 
traction. With gentle manipulation the knee is brought 
into extension. The leg is immobilized in a hip spica cast 
with the knee in extension. In hyperflexion injuries, it is 
important to remember that the knee should not be im- 
mobilized in the position of semiflexion. The fracture line 
is distal to the attachment of the medial head of the gas- 
trocnemius muscle. When the knee is held in extension, 
the medial head of the gastrocnemius muscle is stretched 
and acts as a dynamic splint and prevents posterior dis- 
placement of the distal femoral condyle. When the knee 
is placed in flexion, the medial head of the gastrocne- 
mius muscle is relaxed, and consequently the femoral 
condyles will displace posteriorly.^^ If a stable reduction 
cannot be obtained by cast immobilization, one should 
consider percutaneous pinning of the fragments. 

In Salter-Harris type III fracture the displacement of 
the fracture should be evaluated carefully. An anterior 
open-book-type fracture, a fracture with a gap greater 
than 2 mm, or any vertical step-off requires open re- 
duction and internal fixation. During the open reduction 
one should take measures not to jeopardize the circu- 
lation to the distal femoral condyle. If both condyles are 
fractured, the articular surface should be restored by 
anatomic fixation of the condyles using transverse lag 
screws. Then the femoral condyles are attached to the 
femoral metaphysis by using crossed K-wires or plate 
fixation, depending on the age of the patient. In the 



comminuted fractures reconstruction of the articular sur- 
face should be done first, then alignment of the growth 
plate, and finally attachment to the rest of the femur. 

The principles of treatment of Salter-Harris type IV 
fractures are the same as those for type III. Anatomic 
reduction is the essential part of the treatment, to re- 
store the continuity of the articular surface and growth 
plate. Following open reduction, the fracture is fixed by 
transverse lag screws or threaded K-wires. 

Type V and VI fractures are treated with a long-leg 
cast for 4 weeks. This is followed by early range-of- 
motion and strengthening exercise. Premature closure 
of the growth plate and bony bridge is a common com- 
plication of these type of fractures. This can be dealt 
with later if it becomes a problem. 

Open Fractures 

Classification of the open fractures in children follows 
the same principles used for adults. The open frac- 
tures are classified based on their severity. Grade I is a 
fracture with a puncture wound. The wound is less than 
1 cm in size. Grade II is a transitional wound. The size 
of the laceration is between 1 cm and 10 cm. Grade III 
is a big laceration. The size of the wound is greater than 
10 cm. Grade III is divided into three subgroups (A, B, 
and C) based on the severity of soft tissue injuries. 

In children with grade II or III injuries, the fracture 
should be treated using the same guidelines that are used 
for adults with severe soft tissue injuries. All wounds re- 
quire copious irrigation and complete debridement of all 
the traumatized and devitalized tissues. The fractures are 
reduced and stabilized by means of internal fixation or 
external fixation^^ and the wound is left open. De- 
bridement of the wound is done every 2 days until the 
wound is clean and there is no sign of infection. Post- 
operatively, patients are prescribed broad-spectrum an- 
tibiotics. 

Complications 

Complications following fracture separation of the dis- 
tal femoral epiphysis can be categorized as early or late. 
The early complications include injuries to the popliteal 
artery, neuropaxia of the peroneal nerve, and loss of 
reduction. The late complications include stiffness of 
the knee, quadriceps atrophy, leg length discrepancy, 
and angular deformity. Avascular necrosis of the femoral 
condyle has not been a problem. Because of the rapid 
healing of the fracture in the metaphyseal area, delayed 
union or nonunion has not been a problem. 

Vascular Injuries 

Only 18% of vascular injuries in children are caused by 
fractures, usually from a fall or motor vehicle accident. 
Vascular injuries around the knee are usually seen in 
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patients with dislocation of the knee, fractures of the 
distal femoral epiphysis, and fracture of the proximal 
tibial epiphysis^ (Fig. 21.9). Epiphyseal fractures 
around the knee with the absence of the distal pulse is 
highly suggestive of vascular injury. If after manipulation 
and reduction the pulse does not return, the patient will 
need an emergency arteriogram of the involved lower 
extremity. Disruption of the distal pulse could be due 
to arterial spasm, which is common in children. An 
intimal tear and thrombosis may occur in the popliteal 
artery due to impingement. 

Even though the vascular impingement is relieved by 
immediate reduction of the fracture and dislocation, pa- 
tients should be observed for 48 to 72 hours to rule out 
the subsequent thrombosis of the artery. If the patient 
has persistent pain with a cool and pale foot, a femoral 
angiogram is obtained. Vascular occlusion can happen 
slowly due to increasing compartment pressure of the 
leg. In patients with a swollen leg, pain, and paresthe- 
sia, one should consider the possibility of increased com- 
partment pressure. These patients need very close 
observation and measurement of the compartment pres- 
sure. All patients with increased compartment pressure 
of the leg require fasciotomy and decompression of the 
compartment pressure. The technique of fasciotomy is 
the same as in adults. Excision of the fibula should not 
be performed in children, because it may cause valgus 
angulation and deformity of the ankle. 

In adults the limb can be saved in 90% of cases if 



the circulation is restored within 6 hours of the time of 
injury. After 8 hours, the limb salvage rate is reduced 
and most patients may require amputation. The soft 
tissues, especially the nerves and muscles, in children 
cannot withstand prolonged ischemia. A delay of more 
than 6 hours in repair of vascular occlusion ends in a 
poor result. 

Reduction and fixation of the fracture reduces further 
injury to the soft tissue and collateral circulation. Vas- 
cular repair is easier after the fracture is fixed and the 
limb is stable. Restoration of the circulation cannot be 
compromised because of the delay in the reduction and 
fixation of the fracture. In selected cases, arterial and 
venus bypass can be performed for temporary restora- 
tion of the circulation to the leg. This will reduce the 
risk of compartment syndrome while stabilizing the frac- 
ture. 

Peroneal Nerve Injury 

Neuropaxia of the peroneal nerve may occur because 
of the stretching of the nerve by the anteriorly or me- 
dially displaced distal femoral epiphysis. The nerve can 
also be stretched by rough manipulation of the injured 
leg, at the time of closed reduction. It is important to 
document the function of the nerve prior to any ma- 
nipulation and reduction. The neuropraxis usually re- 
solves spontaneously over a period of 6 months. 

The peroneal nerve palsy rarely requires treatment. 




Figure 21.9. The mechanism of vascular injuries around the knee following fracture and dislocation. A: Vascular injury follow- 
ing dislocation of the knee. B: In hyperextension-type fracture of the distal femoral epiphysis, the mechanism of injury is the 
same as anterior dislocation of the knee. The popliteal artery, which is tightly attached to the proximal tibia, is stretched and 
pulled anterior, while the distal femoral metaphysis impinges the vessels and pushes them into the popliteal fossa. C: In frac- 
ture separation of the proximal tibial epiphysis, the posterior displacement of the proximal tibial metaphysis will impinge the 
popliteal vessels. 
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During recovery, the patient uses a solid ankle-foot or- 
thosis for better ambulation and to prevent equinus de- 
formity. Patients may also need physical therapy and 
electrical stimulation of the gastrocsoleus muscle to 
maintain its tone and excursion. If the neurologic deficit 
persists for 3 months, nerve conduction and electro- 
myographic (EMG) studies are performed. These stud- 
ies are repeated at 6 months postinjury. A persistent 
nerve conduction time delay and fibrillation of denerva- 
tion are indications for exploration of the peroneal 
nerve. 

Loss of Reduction 

Separation of the distal femoral epiphysis may be quite 
unstable, especially if the displacement is in the sagittal 
plane. ^ In anterior displacement following reduction, the 
knee should be kept in at least 90 degrees of flexion. If 
the knee is placed in extension, the distal femoral epi- 
physis may slide and tilt forward. The position of the 
knee in extension will stabilize the reduction of the pos- 
terior, medial, or lateral displacement. The displacement 
occurs because of the instability of the fracture, inade- 
quate casting, and a loose cast when the swelling 
subsides. 

These patients should be followed closely. They 
should have x-rays every 2 or 3 days to check the re- 
duction. If reduction is lost and a second manipulation 
is required, one should consider percutaneous pin fixa- 
tion with smooth K-wires. Repeated manipulations in- 
crease the risk of damage to the growth plate. 

Joint Stiffness 

Stiffness of the knee joint can occur following separa- 
tion of the distal femoral epiphysis. This can be due to 
intraarticular adhesions from hemarthrosis or capsular 
or muscular contracture. Patients will have difficulty in 
regaining full extension of the knee after being kept in 
flexion for a long time. In patients with anterior dis- 
placement, immobilization of the knee in acute flexion 
should not be for longer than 3 to 4 weeks. After 2 to 
3 weeks, when the x-rays show signs of healing and pe- 
riosteal reaction, the cast should be changed toward ex- 
tension of the knee. Limitation of knee extension can 
be due to contractures of the posterior capsule and a 
stretched and atrophied quadriceps muscle. 

The treatment begins after the reduction and stabi- 
lization of the fracture. If the knee is immobilized in an 
acute flexed position, the cast should be changed within 
2 or 3 weeks of injury and changed every week. By se- 
rial casting the position of the knee can be brought to 
close to full extension after three to four castings. 

Isometric quadriceps and hamstring exercises are be- 
gin within the first week after injury when the patient is 



comfortable and the acute pain has subsided. After 
removal of the cast, the patient will need extensive 
physical therapy to regain knee motion and muscular 
strength. The therapy should emphasize active and 
active-assisted range-of-motion exercise and active- 
resisted exercise for quadriceps, hamstrings, and hip ab- 
ductors. Sometimes after extensive physical therapy the 
patient may not gain full range of motion and may re- 
quire gentle manipulation of the knee under anesthesia. 

Growth Disturbance 

Progressive leg length discrepancy and angular defor- 
mity may follow a fracture separation of the distal 
femoral epiphysis. In older children who are within 2 
years of reaching skeletal maturity, the deformity and 
leg length discrepancy may not be significant. In younger 
children there is a high chance of progressive deformity 
and leg length discrepancy. The leg length discrepancy 
secondary to growth disturbance of the distal femoral 
epiphysis may progress at a rate of 1 cm per year. 

Progressive angular deformity following fracture of 
the distal femoral epiphysis is mostly due to asymmet- 
rical retardation of growth (Fig. 21.10). Usually this hap- 
pens when a portion of the growth plate is damaged by 
compression or shear at the time of initial injury. 

It is difficult to recognize and predict the occurrence of 
this complication at the time of injury. 

In Salter-Harris type II injury, the portion of the 




Figure 21.10. Partial growth disturbance of the distal 
femoral epiphysis, causing progressive angular deformity. 
(Courtesy of Dr. J. Richard Bowen, A. I. Dupont Institute.) 
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growth plate underneath the triangular metaphyseal 
fragment is usually spared. If the metaphyseal segment 
is on the medial side, a valgus deformity may be ex- 
pected. If the metaphyseal fragment is on the lateral 
side, a varus deformity may result. In Salter-Harris type 
III and type IV there will be bony bridge between the 
epiphysis and metaphysis across the fracture line. Salter- 
Harris type V may cause symmetrical premature growth 
arrest (see Fig. 21.7). This will generally cause leg length 
discrepancy rather than angular deformity. Avulsion in- 
jury to the edge of the growth plate or Salter-Harris type 
VI may lead to localized premature closure of the growth 
plate and angular deformity. 

Patients who demonstrate progressive angular defor- 
mity following separation of the distal femoral epiphysis 
need further evaluation. This include a tomogram of the 
distal femur, MRI, and three-dimensional reconstructed 
computed tomography (CT) scan to map the location 
and size of the bony bridge. If the area of the bony 
bridge is found to be less than one-third of the total 
area of the physis, one should consider excising the 
bony bridge and filling the defect with autogenous fat. 
Silastic, or methylmethacrylate. Tethering of the 
growth plate in a patient who is close to maturity should 
be treated by partial epiphysiodesis of the remaining 
open growth plate to prevent further angular deformity. 
The partial epiphysiodesis is performed if the predicted 
leg length discrepancy will not be more than 2 cm. Pa- 
tients with angular deformity who have reached skele- 
tal maturity will require a corrective osteotomy.^^’"^^ An 
open wedge osteotomy is preferred if there is associ- 
ated leg length discrepancy. 

If epiphyseal fracture separation of the distal femur 
is complicated by premature closure of the growth plate, 
a progressive leg length discrepancy should be expected. 
Patients who develop leg length discrepancy should be 
followed closely. Every 6 months a clinical and radi- 
ographic evaluation should be done. Scanograms and 
x-ray of the hand are obtained every 6 months for 2 
years. Following the gathering of all the information, 
the amount of the leg length discrepancy can be calcu- 
lated based on the Green-Anderson^^ chart of the re- 
maining growth, or Moseley’s"^^ straight line graph. 

If the predicted leg length discrepancy at skeletal ma- 
turity is less than 2.5 cm, no surgical treatment is indi- 
cated. If discrepancy is expected to be between 2.5 and 
5 cm, consideration should be given to shortening of 
the opposite lower extremity. This can be done by epi- 
physiodesis of the distal femur, proximal tibia, and fibula, 
or a combination of femur and tibia based on the age 
of the patient and the amount of remaining growth. 
Femoral lengthening should be considered (Fig. 21.11), 
if the predicted leg length discrepancy is more than 
5 cm.47, 50-54 




Figure 21.11. Femoral lengthening by callus distraction and 
cortical apposition (Z-osteotomy). Six weeks after lengthening 
the x-ray demonstrates healing of the osteotomy with ossifi- 
cation of the distracted callus. 



Degenerative Articular Changes 

Degenerative articular changes may occur following in- 
traarticular injuries of the distal femoral epiphysis. The 
changes are usually due to the irregular articular surface 
resulting from Salter-Harris type III and IV injuries. The 
changes can occur at the tibiofemoral articulation or 
patellofemoral articulation, depending on the location 
of the epiphyseal fracture. All patients with Salter-Har- 
ris type III and type IV require open anatomic reduction 
and internal fixation. 

Knee Joint Instability 

Laxity or instability of the knee joint may occur follow- 
ing separation of the distal femoral epiphysis. This 
could be due to the tear of the collateral or cruciate lig- 
aments, which can happen simultaneously with a sepa- 
ration of the distal femoral epiphysis. Ligament in- 
juries are the main cause of knee joint instability after 
healing of the fractures of the distal femoral epiphysis. 
It would be difficult to recognize an associated liga- 
mentous injury at the time of initial examination. With 
any signs and symptoms of instability of the knee, pa- 
tients should have a complete evaluation for possible lig- 
amentous injury. This includes a complete examination, 
MRI, and arthroscopy of the knee. Ligamentous injury 
should be treated properly to prevent problems in the 
future. 

FRACTURE SEPARATION OF THE 
PROXIMAL TIBIAL EPIPHYSIS 

Fracture separation of the proximal tibial epiphysis is a 
relatively rare injury, constituting 0.8% to 2% of all epi- 




21: Fractures Around the Knee in Children 273 



physeal separations. The proximal tibial epi- 
physis is less prone to fracture than the distal femoral 
epiphysis, due to the relative lack of ligamentous at- 
tachments to the proximal tibial epiphysis. In the pos- 
teromedial corner of the proximal tibia, the superficial 
fibers of the medial collateral ligament are attached to 
the metaphysis beyond the growth plate, and the semi- 
membranous muscle is inserted into both the epiphysis 
and metaphysis on either side of the growth plate. The 
anterior portion of the physis is protected by the beak- 
shaped tibial tubercle, which is advanced distally and 
overhangs the metaphysis. The lateral collateral liga- 
ment is attached to the head of the fibula. The proxi- 
mal end of the fibula is tightly attached to the tibia. 
These anatomic structures around the proximal tibia 
protect the tibial epiphysis from injury. 

Mechanism of Injury 

Fractures of the proximal tibial epiphysis can be due to 
either a direct or indirect trauma. A direct trauma can 
happen when a child’s leg is caught between the 



bumpers of two cars or is run over by the wheels of a 
car. In indirect trauma the leg is forced into hyperex- 
tension or abduction against the fixed knee. This type 
of fracture can happen in adolescents due to sports- 
related injuries, motor vehicle accidents, or a fall from 
a height. Less commonly this type of fracture can occur 
during a difficult delivery. It can also happen with pas- 
sive manipulation of the knee in children, with arthro- 
gryposis multiplex congenita, and with myelomeningo- 
cele. Pathologic fractures can occur secondary to bone 
tumors and osteomyelitis. 

Type of Fracture 

The fracture separation of the proximal tibial epiphysis, 
like physeal separation of the other long bones, is classi- 
fied based on the Salter-Harris^^ classification (Fig. 21.12). 

Salter-Harris type I fractures are usually difficult to 
detect if they are nondisplaced. In displaced type I frac- 
tures the separation takes place across the growth plate 
and tibial tubercle near the posterior border of the at- 
tachment of the patellar tendon. The distal metaphyseal 








Figure 21.12. Salter-Harris classification of the proximal tibial epiphyseal fracture separation. In type I the fracture separation 
takes place across the growth plate and tibial tubercle near the posterior border of the attachment of the patellar tendon. The 
type II is the most common type. The separation occurs in the line between the proximal tibial epiphysis and the tibial tuber- 
cle. In type III fracture there is a vertical fracture line through the proximal tibial epiphysis. In type IV the fracture involves ei- 
ther medial or lateral condyle. The fracture line is through the epiphysis and metaphysis of the proximal tibia. (Redrawn from 
ref. 97, with permission.) 
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fragment can be displaced medially or posteriorly. An- 
terior displacement of the metaphysis is prevented by 
overhanging of the tibial tubercle. The lateral displace- 
ment is prevented by a tightly attached proximal fibula 
to the lateral side of the proximal tibia. This fracture is 
usually associated with fracture of the diaphysis of the 
upper end of the fibula or separation of the upper fibu- 
lar epiphysis (Fig. 21.13). A medially displaced fracture 
of the proximal tibial epiphysis without fracture of the 
proximal fibula can be associated with diastasis of 
the interosseous ligament between the upper tibia and 
fibula. 

Salter-Harris type II separation is the most common 
type of fracture of the proximal tibial epiphysis. The 
separation occurs in the line between the proximal tib- 
ial epiphysis and tibial tubercle. The displacement is usu- 
ally in a posteromedial or posterolateral direction. When 
the metaphysis is displaced medially, the triangular 
metaphyseal fragment is attached to the lateral side of 
the epiphysis. This causes a valgus deformity. There is 
usually an associated fracture of the upper fibula. 

In Salter-Harris type III fracture there is a vertical frac- 
ture through the proximal tibial epiphysis. The fracture 
line starts from the articular surface, extends through 
the epiphysis, and exits in the line of the growth plate. 
Fracture of the lateral condyle is more common, but ei- 
ther the medial or lateral condyle can break depending 
on the type and direction of the forces. The fracture 
may be quite unstable. In some Salter-Harris type III 




Figure 21.13. X-ray shows a type I fracture separation of the 
proximal tibial epiphysis. There is associated fracture of the di- 
aphysis of the proximal fibula. (From ref. 97, with permission.) 



fractures, there is a partial closure of the growth plate 
in the posterior part of the proximal tibia. This type of 
fracture is similar to the Tillaux fracture at the ankle. ^ 

In Salter-Harris type IV the fracture involves either 
the medial or lateral condyle. The vertical fracture line 
starts from the upper surface of the tibial epiphysis and 
extends downward and crosses the growth plate and 
exits through the metaphyseal cortex. The fracture line 
can be in the intercondylar area or through either 
condyle. Fracture of the lateral condyle is associated with 
a valgus deformity. With fracture of the medial condyle 
there may be a varus deformity. 

Salter-Harris type V fracture is rare. It may be in con- 
junction with a fracture of the proximal tibial metaphysis 
or the tibial diaphysis. Salter-Harris type V injury may 
not be diagnosed on the initial evaluation. Assumption 
of the original injury is usually made when the patient 
develops a progressive angular deformity or leg length 
discrepancy. 

Clinical and Radiographic Findings 

The child who has sustained a fracture separation of the 
proximal tibial epiphysis complains of constant severe 
pain and swelling of the knee. Passive extension and 
flexion of the knee is limited because of muscle spasm 
and splinting. There is tenderness over the proximal tib- 
ial growth plate. With posterior displacement of the dis- 
tal segment there will be a step-off or concavity at the 
level of the tibial tubercle. The knee joint may feel un- 
stable. If apparent instability of the knee is present 
during the initial examination, stress radiographs are 
needed to differentiate the physeal separation from lig- 
amentous injuries. The initial evaluation should focus on 
a detailed neurovascular examination. 

X-rays will show a significant hemarthrosis and ex- 
pansion of the knee joint. In a nondisplaced fracture the 
x-rays may look normal. Stress x-rays will demonstrate 
a partial separation of the proximal tibial epiphysis. The 
stress views may also show a medial, lateral, or poste- 
rior opening of the physis depending on the type of the 
injury. The x-rays should be examined for a fracture line 
through the epiphysis or metaphysis of the proximal 
tibia. In nondisplaced fractures, the fracture line may be 
visible only on oblique views. A tilt of the epiphysis in 
relation to the metaphysis may indicate an epiphyseal 
separation. A valgus tilt represents medial displacement 
and a forward tilt of the epiphysis is a sign of posterior 
displacement. If in doubt, one should obtain tomograms 
and MRI of the knee. 

Treatment 

Before starting treatment, all patients should have a 
thorough neurovascular evaluation. Patients with absent 
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dorsalis pedis and posterior tibialis pulse require imme- 
diate reduction of the fracture. If after reduction the 
pulse does not return, patients should have an emer- 
gency arteriogram and vascular consultation to repair 
the vascular injury. If after reduction the distal pulse is 
restored, patients should be kept under close observa- 
tion for the possibility of a thrombosis of the popliteal 
artery. 

Nondisplaced Salter-Harris type I and type II fractures 
are treated with a long leg cast with 30-degree flexion 
at the knee. The cast and underlying padding are split. 
X-rays are taken to confirm the reduction. The anterior 
part of the cast can be removed for neurovascular ex- 
amination. If after 1 week there is no displacement or 
loss of reduction, the cast is reinforced by further cast- 
ing material. The cast is removed at 4 to 6 weeks after 
injury, and patients are started on physical therapy. Pa- 
tients will continue active range-of-motion and strength- 
ening exercises until a full recovery is attained. 

A displaced Salter-Harris type II and some type I frac- 
tures may be unstable. The unstable fractures require 
percutaneous pin fixation using smooth K-wires across 
the physis to maintain the reduction. In Salter-Harris 
type II fractures with a large metaphyseal fragment, in- 
ternal fixation is achieved by using a cancellous screw 
across the metaphysis. The screw is placed parallel to 
the growth plate to avoid damaging it. 

The displaced type III fractures require anatomic re- 
duction to realign the articular surface and the growth 
plate. Following open reduction the fragments are trans- 
fixed by two K-wires or a transphyseal lag screw. The 
same principles should be used for Salter-Harris type IV 
fractures. Fragments should be fixed internally even if 
they are minimally displaced, to maintain congruity of 
the joint surface and prevent the formation of a bony 
bridge across the growth plate. All patients with vascu- 
lar injury require internal fixation to avoid further dam- 
age to the arterial repair, which can happen if further 
manipulation of the leg is required. 

Open injuries to the upper tibia carry a much worse 
prognosis than closed fractures. All open fractures re- 
quire copious irrigation and complete debridement of 
devitalized and necrotic tissues. The fractures are re- 
duced and stabilized by internal or external fixation. The 
closure of the wound is delayed until there is clean gran- 
ulation tissue and no sign of infection. Postoperatively 
patients should be kept on an intravenous broad- 
spectrum antibiotic. 

Complications 

Possible complications of a fracture of the proximal tib- 
ial epiphysis are the same as those reported earlier for 
fractures of the distal femoral epiphysis. The principles 



of management of complications of fractures around the 
knee are also the same, including fractures involving the 
distal femoral epiphysis and proximal tibial epiphysis. 

Loss of Reduction 

Displaced Salter-Harris type II, III, and IV fractures and 
some type I fractures are unstable. This is particularly 
true if the initial displacement is posterior. If, after closed 
reduction of the fracture, the reduction cannot be main- 
tained, patients need percutaneous pin fixation using 
smooth K-wires, or they may need open reduction and 
internal fixation. If after closed reduction the fracture 
appears to be stable, a long leg cast is applied. Patients 
need periodic x-rays during the first week following treat- 
ment to check the alignment. With any sign of loss of 
reduction, patients require remanipulation and pin fixa- 
tion or open reduction and internal fixation. 

Vascular Injuries 

Vascular compromise is the worst complication that can 
occur with the fractures of the proximal tibia. It is due 
to the anatomic location of the popliteal artery and 
its two major branches. The popliteal artery is tightly 
attached to the posterior surface of the proximal tibial 
epiphysis. A hyperextension injury with posterior dis- 
placement of the upper end of the metaphysis may 
cause stretching and tearing of the popliteal artery (see 
Fig. 21.9). 

Arterial injuries may be due to a complete tear of the 
popliteal artery. It may also be due to arterial occlu- 
sion, which can occur as a result of the arterial throm- 
bosis. Vascular compromise can also be due to pro- 
gressive compression of the vessels in the swollen 
compartments of the leg due to increased compartment 
pressure. 

All patients with fracture of the proximal tibial epi- 
physis require close observation for vascular problems 
and the presence of the compartment syndrome. The 
guidelines for assessment of compartment pressure are 
given by Mubarak et al.^^ Delay in recognition of vas- 
cular insufficiency and its treatment will cause cata- 
strophic results. 

Growth Disturbance 

The growth plate of the upper end of the tibia grows 
at a rate of approximately 6 mm per year. Premature 
closure of the growth plate can occur following all types 
of Salter-Harris fracture, which may lead to leg length 
discrepancy and angular deformity. The final amount of 
the angular deformity and leg length discrepancy de- 
pends on the age of the patient at the time of the in- 
jury. Patients with predicted leg length discrepancies of 
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less than 2.5 cm do not require treatment. Patients with 
discrepancies of more than 2.5 cm require treatment to 
correct the leg length discrepancy. This can be done ei- 
ther by epiphysiodesis of the opposite leg at the ap- 
propriate time, or by a lengthening procedure, de- 
pending on the age of the patient and the amount of 
the remaining growth. 

Angular deformities occur with partial closure of the 
growth plate. The degree of progressive angulation de- 
pends on the proximity of the growth arrest to the pe- 
riphery of the growth plate and on the age of the pa- 
tient. In young children, resection of the bony bridge is 
indicated if the area of the growth arrest is less than 
one-third of the total area of the physis.^^’"^^""^^ If pa- 
tients are close to maturity, a partial epiphysiodesis or 
stapling of the remaining open growth plate should be 
considered to prevent the angular deformity. Patients 
with established angular deformity require corrective os- 
teotomy of the proximal tibia. 

Other Complications 

Stiffness of the knee joint can occur following fracture 
of the proximal tibial epiphysis. To minimize the oc- 
currence of this complication, cast immobilization should 
be minimized to 4 to 6 weeks, and following that, pa- 
tients should be placed on vigorous and extensive phys- 
ical therapy. 

Ligamentous injury, especially tear of the medial col- 
lateral ligament, may occur with fracture separation of 
the proximal tibial epiphysis. Following fixation of the 
fracture any ligamentous injuries should be repaired to 
prevent future instability of the knee. 

Degenerative articular changes may develop if the 
fracture involves the condyles of the tibia. This is more 
common in Salter-Harris type III and IV fractures. All 
patients with type III and IV fractures require open 
anatomic reduction and fixation. 

AVULSION FRACTURE OF THE 
TIBIAL TUBERCLE 

Avulsion fracture of the tibial tubercle is a rare injury. It 
entails a traumatic separation of the physis deep to the 
ossific nucleus of the tubercle. It should be differentiated 
from the Osgood-Schlatter lesion, in which there is sep- 
aration of the anterior surface of the apophysis without 
displacement from the tibial metaphysis.^^’^^ In the avul- 
sion fracture of the tibial tubercle the level of the sepa- 
ration is deep to the ossific nucleus of the tubercle. 

The tibial tubercle is a bony prominence on the an- 
terior surface of the proximal tibia. The development of 
the tibial tubercle can be divided in four stages based on 



Ehrenborg’s^^ classification. In the beginning the tu- 
bercle has the histologic appearance of fibrocartilage. 
This is called the cartilaginous stage. The second stage 
is the apophyseal stage, in which the ossification cen- 
ter appears in the tongue of the cartilage. The third 
stage is the epiphyseal stage, in which the formation of 
bone, or a secondary ossification center, is completed 
and it is separated from the tibial metaphysis by the epi- 
physeal line. The fourth stage is completion of the os- 
sification of the tibial tubercle and fusion of the tuber- 
cle to the tibial metaphysis. 

The tibial tubercle has a rich blood supply. It receives 
its main supply from multiple small branches that orig- 
inate behind the quadriceps tendon. The tibial tubercle 
also receives some of its blood supply from adjacent 
periosteal and metaphyseal vessels. 

Mechanisms of Injury 

A complete avulsion of the tibial tubercle is due to a 
strong pulling force that is applied by the patellar liga- 
ment. It usually happens during the forceful flexion of 
the knee against the resistance to the contraction of the 
quadriceps muscle. The injury can also happen during 
a severe contraction of the quadriceps muscle against 
the fixed tibia. 

Avulsion of the tibial tubercle is common in adoles- 
cent boys between 14 and 16 years of age. It is also 
common in children who have preexisting Osgood- 
Schlatter disease. These patients usually have a strong 
quadriceps muscle and tight hamstrings. Traumatic 
avulsion of the tibial tubercle occurs during sports 
activities such as gymnastics, football, and basket- 
ball. It can also happen after a fall from a 
height. 

Type of Fracture 

Watson-Jones^^ has classified these fractures into three 
types. This classification was modified by Ogden et al^^ 
based on the degree and severity of displacement (Fig. 
21.14). 

In type I avulsion fracture of the tibial tubercle the 
separation occurs between the secondary center of os- 
sification and the portion of the physis under the tibial 
tubercle. In type II the separation line is through the 
area bridging the tibial tubercle and the proximal tibial 
epiphysis. In type III the separation involves the ante- 
rior portion of the tibial epiphysis. Separation starts 
from underneath the tibial tubercle and extends proxi- 
mally into the proximal tibial epiphysis and ends in the 
joint under the meniscus or anterior fat pad. The amount 
of displacement depends on the amount of the force 
exerted at the time of injury. 
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Figure 21.14. Classification of avulsion fracture of the tibial tubercle. In type I there is minimal displacement. The separation 
is between the secondary center of ossification and part of the physis under the tibial tubercle. In type II the separation line is 
through the area bridging the tibial tubercle and the proximal tibial epiphysis. In type III the separation is through the anterior 
portion of the tibial epiphysis and involves the articular surface of the proximal tibia. 



Clinical and Radiographic Findings 

There is swelling and tenderness in the area of the tib- 
ial tubercle. In type III, with an intraarticular fracture 
there is joint effusion and hemarthrosis. In a completely 
separated tibial tubercle, a movable fragment of bone 
can be palpable between the upper tibia and femoral 
condyle. The position of the tubercle depends on the 
amount of displacement and on the superior migration 
of the extensor mechanism of the knee. A defect in the 
area of the tibial tubercle may or may not be palpable. 
This depends on the amount of soft tissue swelling and 
hematoma. The knee joint is held in slight flexion and 
the patient resists passive extension of the knee due to 
hamstring spasm. In type I avulsion, the patient may be 
able to partially extend the knee because of attachment 
of the medial and lateral retinaculum. In type II and III 
avulsion, the patient is unable to actively extend the 
knee. 

The lesion is best seen on the lateral projection ra- 
diographs of the knee. In type I fracture there is ante- 
rior and slightly superior displacement of the distal end 
of the tibial tubercle. It may look like an Osgood-Schlat- 
ter lesion. In type II the avulsed tubercle is larger. It is 
separated from its bed and hinged near the proximal 
tibial physis. In type III the fracture line extends through 
the proximal tibial epiphysis into the joint. The degree 
of separation and patella alta can be well seen on the 
lateral x-rays of the knee in different degrees of flexion. 

In type I and II separations, the x-rays may not show 
the extent of the injury. MRI shows the separation of 



the tubercle, the hematoma between the tibial tubercle 
and proximal tibial metaphysis, and marrow changes in 
the tibial epiphysis, indicating a trauma and fracture 
through the proximal tibial epiphysis (Fig. 21.15). 

Treatment 

The minimally displaced type I avulsion in patients who 
have active extension of the knee is treated by closed 
reduction. The fragments can be pushed together by di- 
rect finger pressure. Following the reduction, the pa- 
tients are treated in an above-knee cast with the knee 
in extension. The type II avulsion fractures are treated 
by closed reduction. The presence of a gap between the 
tibial tubercle and tibial metaphysis on the postreduc- 
tion x-rays indicates an incomplete reduction. This could 
be due to interposition of the periosteal flap at the frac- 
ture site. These patients require open reduction and 
fixation either by K-wires or by suturing of the fibro- 
cartilaginous portion of the tubercle to the adjacent 
periosteum. All type III fractures require open reduction 
and internal fixation with a cancellous screw or multi- 
ple threaded Steinmann pins. Following reduction, the 
knee is immobilized in a long leg or a cylinder cast for 
4 to 6 weeks. Following removal of the cast, the knee 
is protected in a posterior splint or a knee immobilizer 
for an additional 3 weeks. During this time patients are 
allowed active range of motion of the knee, isometric 
exercise, and gentle quadriceps strengthening exercise. 
After 6 weeks patients receive vigorous active range-of- 
motion and quadriceps-strengthening exercise. 
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Figure 21.15. Avulsion of the tibial 
tubercle. A: The lateral x-ray of the 
knee demonstrates elevation of the 
ossific nucleus of the tibial tubercle, 
which may be mistaken for an Os- 
good-Schlatter lesion. B: MRI shows 
separation of the tibial tubercle, 
hematoma between the tubercle and 
proximal tibial metaphysis (hollow ar- 
row), and marrow changes in the tib- 
ial epiphysis, indicating a trauma and 
fracture through the proximal tibial 
epiphysis (solid arrow). 




Complications 

The healing of the avulsion fracture of the tibial tuber- 
cle occurs by epiphysiodesis of the tibial tubercle to the 
anterior tibial physis. In spite of anterior epiphysiode- 
sis, genurecurvatum does not develop, because most of 
the injuries occur in children close to the age of skele- 
tal maturity, with little growth remaining from the prox- 
imal tibial physis. Other minor complications can be ex- 
pected, such as loss of full flexion of the knee, atrophy 
of the quadriceps muscle, and enlargement and promi- 
nence of the tibial tubercle. 



FRACTURE OF THE INTERCONDYLAR 
EMINENCE OF THE TIBIA (TIBIAL SPINE) 

The intercondylar eminence of the tibia is located be- 
tween the two articular surfaces of the proximal tibia. It 
has a triangular shape with its base over the anterior bor- 
der of the proximal tibia. In young children, the structure 
of the proximal surface of the eminence is mostly carti- 
lage. Therefore, the actual size of the avulsed fragment 
is always larger than its x-ray images. The intercondylar 
eminence is located directly beneath the intercondylar 
notch of the femur. The cruciate ligaments and menisci 
are directly attached to the intercondylar eminence. 

Fracture of the intercondylar eminence occurs most 
frequently in children between 8 and 13 years of age. 
The fracture can occur through the anterior or poste- 
rior intercondylar eminence. Avulsion fracture of the 



posterior intercondylar eminence is a rare injury in chil- 
dren. The ratio of the fracture of the anterior inter- 
condylar eminence to the fracture of the posterior in- 
tercondylar eminence is 10 to 1.^^ In Torisu’s^^ report, 
the youngest patient who had fracture of the posterior 
tibial spine was 15 years of age. Due to the rarity of 
the avulsion fracture of the posterior tibial spine in chil- 
dren, this injury is not discussed here. 

Mechanisms of Injury 

Fractures of the intercondylar eminence are due to avul- 
sion of the anterior or posterior cruciate ligament with 
its bony attachment. The anterior cruciate ligament is 
tight when the knee is in the position of flexion or hy- 
perextension. A direct blow to the femoral condyle in a 
flexed knee displaces the femur posteriorly and results 
in avulsion of the anterior tibial spine. A forceful medial 
rotation of the tibia in relation to the femur increases 
tension on the cruciate ligament and leads to avulsion 
of the anterior tibial spine. Bicycle injuries are the 
most common type. The child falls from the bicycle and 
lands on the front of the flexed knee. This can also hap- 
pen during a fall from a bicycle when the child extends 
the knee to break the fall. Avulsion of the posterior tib- 
ial spine is caused by a direct force to the proximal part 
of the tibia when the knee is flexed. This pushes the 
proximal tibia in the posterior direction against the fe- 
mur. It can also be the result of a hyperextension injury 
to the knee. In this condition there is always an associ- 
ated tear of the posterior capsule. 
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Figure 21.16. Classification of the 
fracture of the intercondylar emi- 
nence of the proximal tibia in chil- 
dren (according to Meyers and McK- 
eever^®). In type I there is little 
displacement of the avulsed frag- 
ment with only slight elevation of 
its anterior margin. In type II there 
is more displacement. The anterior 
rim of the avulsed fragment is lifted 
from its bed. The fragment hinges 
on its posterior margin, which is at- 
tached to the proximal surface of 
the tibia. In type III the entire frag- 
ment is detached and elevated. Of- 
ten the avulsed fragment is rotated 
and the fracture surface is faced an- 
terior. (Redrawn from ref. 68, with 
permission.) 



Type of Injury 

Meyers and McKeever^^ classified the fractures of the 
intercondylar eminence of the proximal tibia into three 
types based on the degree of the displacement of the 
avulsed fragment (Fig. 21.16). In type 1 there is rela- 
tively little displacement of the avulsed fragment, with 
only slight elevation of its anterior margin. In type II 
there is greater displacement. The anterior rim of the 
avulsed fragment is lifted from its bed. The fragment 
hinges on its posterior margin, which is still attached to 
the proximal surface of the tibia. In type III the entire 
fragment is detached from the proximal tibia and is com- 
pletely elevated and often rotated so that the fracture 
surface is facing anteriorly. 

Clinical and Radiographic Findings 

There is a history of injury to the knee, commonly a fall 
from a bicycle. There is hemarthrosis and swelling of 
the knee. The knee is held in flexion due to muscle 
spasm, and any passive extension of the knee is ex- 
tremely painful. Restriction of motion is due to muscle 
spasm, not to the displacement of the avulsed fragment. 
If the medial collateral ligament is intact, the anterior 
drawer sign will be negative. If there is an associated 
tear of the medial collateral ligament, patients will have 
signs of knee joint instability with a positive anterior 
drawer sign, and medial opening of the joint on valgus 
stress. 

The avulsion fracture of the anterior tibial spine is 
best seen on the lateral x-ray of the knee (Fig. 21.17). 
The bony portion of the avulsed fragment can be very 
thin and small, especially in younger children, because 
most of the avulsed fragment is cartilage and may not 



be appreciated on x-ray. There can be a variable degree 
of displacement. On the anteroposterior x-ray one 
should outline the margins of the fracture. If the width 
of the fragment is narrow and is located in the central 
portion of the intercondylar eminence, closed reduction 
will be easy. In a fracture with a wide base, which is 
extended underneath the articular surface, the anterior 
horn of the menisci, especially the lateral meniscus, can 
be displaced and entrapped between the displaced frag- 
ment and its base. It is extremely important to obtain 
adequate x-rays to determine the type of fracture. If in 
doubt, one should obtain a CT scan or MRI of the knee. 




Figure 21.17. Displaced avulsion fracture of the anterior tib- 
ial spine, which is best seen on lateral x-ray of the knee. There 
can be a variable amount of displacement. 
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Treatment 

Nondisplaced or minimally displaced type I and type II 
fractures require closed reduction and immobilization of 
the knee in a cylinder cast with the knee in 15 to 20 
degrees of flexion. Excessive manipulation and hyper- 
extension of the knee are not indicated because they 
may further displace the avulsed fragment as a result of 
tightening of the anterior cruciate ligament when the 
knee is placed into hyperextension. Prior to reduction 
patients require aspiration of the knee to reduce the 
amount of pain. Immobilization is continued for 6 to 8 
weeks or until there are radiographic signs of the heal- 
ing of the fracture. After removal of the cast, patients 
start physical therapy with active-resistive quadriceps ex- 
ercise and range of motion of the knee. 

Displaced type III fracture of the anterior tibial spine 
requires open reduction and internal fixation. At 
open reduction the joint is irrigated for better visualiza- 
tion, and the small, loose fragments of bone are re- 
moved. The interposition of the anterior horn of the lat- 
eral meniscus under the avulsed fragment is corrected 
and the meniscus is moved out with a small hook or 
forceps. Following repositioning of the meniscus, the re- 
duction can be easily obtained by pushing the tibial spine 
toward its base or by extending the knee. Internal fixa- 
tion can be obtained by a variety of methods, such as 
using a wire loop, pins, small screws, or heavy ab- 
sorbable sutures through the avulsed fragment into the 
adjacent epiphysis (Fig. 21.18). Crossing the growth 
plate should be avoided during internal fixation. Meyers 



and McKeever^^ have suggested suturing the fragment 
to the adjacent meniscus to hold the fragment in re- 
duced position. Reduction can then be maintained by 
holding the knee in extension. 

Older children can be treated by arthroscopy. Fol- 
lowing irrigation the detached fragment is visualized 
through the arthroscope. The interposed anterior horn 
of the meniscus is freed by a hook. The avulsed frag- 
ment is reduced by direct pressure. Following reduction 
the knee joint is extended and is checked for stability of 
the reduction. If the reduction is stable, the knee is im- 
mobilized in a cylinder cast with the knee in neutral ex- 
tension. Hyperextension of the knee should be avoided 
to prevent displacement of the fragment. 

Following healing of the fracture, patients require ex- 
tensive physical therapy to improve range of motion of 
the knee and strength of the quadriceps muscle. 

Complications 

Limitation of extension of the knee can occur if the dis- 
placed fragment is not adequate reduced. This can be 
avoided by making sure the patient has full extension of 
the knee before applying the cast. A displaced and mal- 
united fracture that is causing limitation of extension of 
the knee requires operative treatment. This can be done 
either by excision of the fragment without damaging the 
cruciate ligaments or by lifting the tibial spine and re- 
moving the bone from the intercondylar eminence and 
placing the tibial spine in a deeper position. 

The instability of the knee joint following avulsion 



Figure 21.18. Lateral x-ray of the 
knee shows the method of internal 
fixation of the fracture of the ante- 
rior tibial spine by the wire-loop 
technique. A: The placement of the 
wire through the anterior tibial 
spine into the upper margin of the 
tibial epiphysis. The growth plate of 
the proximal tibia should not be 
crossed during the internal fixation. 
B: Healing of the fracture 4 months 
after the injury. 
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fracture of the anterior tibial spine is usually due to an 
undetected tear of the medial collateral ligament. The 
instability can also happen following menisectomy for 
an associated torn meniscus. 

Other complications, including postoperative infec- 
tion, stiffness of the knee, and quadriceps atrophy, can 
be avoided by appropriate postreduction treatment, such 
as postoperative antibiotic therapy and extensive phys- 
ical therapy following healing of the fracture. 

FRACTURES OF THE PATELLA 

Fractures of the patella are rare in children, accounting 
for fewer than 1% of fractures of the patella,^^’^^ be- 
cause the osseous part of the patella is small and is sur- 
rounded by large cartilage tissue that protects the patella 
from direct trauma. Because of the cartilaginous na- 
ture of the patella in children, the actual size of the frag- 
ment may not be the size seen on x-rays. 

At birth the structure of the patella is mostly carti- 
lage. The ossification center appears at 2 or 3 years of 
age but may be delayed until the sixth year. The patella 
usually has one center of ossification. It may begin with 
more than one center, and gradually these separate os- 
sific nuclei will unite and ossification will continue until 
the entire patella is ossified. 

About 2% to 3% of patellae have a secondary cen- 
ter of ossification. The secondary ossification center usu- 
ally appears at age 12 but may be seen as young as 8 
years and may persist until adult life. The secondary os- 
sification center gives a bipartite shape to the patella. 
The bipartite patella is located in the upper lateral cor- 
ner of the patella, where it may look separated or par- 
tially fused to the main body of the patella. Other types 
of bipartite patella with a different location of the sec- 
ondary ossific center have been reported in the litera- 
ture. The bipartite patella is more common in boys 
than girls, and about 50% of cases are bilateral. 

Most of the blood supply to the patella is from its an- 
terior surface and lower pole. There are minimal blood 
vessels entering the patella from the proximal pole, me- 
dial margin, or lateral margin. Scapinelli^^ found a high 
incidence of delayed union or nonunion of the marginal 
fractures due to poor circulation in the margin of the 
patella. He also found that disruption of the circulation 
through the anterior surface of the patella may cause 
avascular necrosis of the superior pole of the patella. 

Mechanisms of Injury 

Fracture of the patella can be due to a direct blow to 
the patella, sudden contraction of the quadriceps mus- 
cle against a fixed flexed knee, or a combination of both. 
A direct blow to the patella will crush the patella against 



the femoral condyle and result in a transverse or com- 
minuted fracture. Lateral or medial marginal frac- 
ture can occur when the direct blow is applied to the 
periphery rather than the central portion of the patella. 
Avulsion fracture of the inferior pole of the patella can 
be a result of an indirect force, usually during jumping 
or after a fall.^^’^^ The sleeve fracture of the patella is 
usually seen in children between 8 and 12 years of age. 
This is an avulsion fracture of a small bony fragment of 
the inferior pole of the patella, along with a large sleeve 
of the articular cartilage and retinaculum.^^ 

Clinical and Radiographic Findings 

Clinically, there is local pain, swelling, effusion, and 
tense hemarthrosis. Palpation of the knee reveals a gap 
between the separated fragments of the patella. With 
complete separation, patients are not able to actively 
extend the knee. If the medial and lateral retinaculum 
are intact, patients are able to extend the knee when 
gravity is eliminated. In marginal fractures, there is ten- 
derness over the medial or lateral margin of the patella. 
In marginal fractures, since the continuity of the quadri- 
ceps mechanism is intact, patients are able to perform 
straight leg raising but with some extensor lag. 

Transverse fractures are best seen on lateral x-rays 
with the knee in 30 degrees of flexion to fully appreci- 
ate the displacement. Presence of the wide anterior 
opening and minimal posterior opening may indicate 
that the articular cartilage is intact. 

In sleeve fracture, the avulsed fragment has minimal 
bone and is difficult to see on x-rays. It may be com- 
pletely separated from the patella. A combination 
of a small avulsed fracture of the inferior pole of the 
patella with a high-riding patella is highly suggestive of 
a sleeve fracture. The sleeve fracture should be differ- 
entiated from accessory ossification,^^ overuse syn- 
drome, apophysitis of the inferior pole of the patella, 
or Sinding-Larsen-Johansson lesion. If in doubt, one 
should obtain an MRI of the knee to visualize the small 
bony fragment and separation of the articular cartilage 
from the undersurface of the patella. 

A bipartite patella is seen as a crescent radiolucent 
line in the superior and lateral corner of the patella. This 
is best seen on anteroposterior x-rays of the knee. 
The marginal fractures are best seen on skyline views. 
The fracture lines are vertically oriented and involve the 
entire thickness of the patella. 

Treatment 

Treatment of the fractured patella in children follows the 
same principles that are used in adults. Nondisplaced 
fractures with an intact extensor mechanism of the knee 
are treated by closed reduction and immobilization of 
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the knee in a cylinder cast. Prior to application of the 
cast, the knee joint is aspirated to relieve the pain from 
extensive hemarthrosis. 

Transverse patella fractures, with displacement of 
less than 2 mm and no vertical step-off in the articular 
cartilage, are treated by cast immobilization in a cylin- 
der cast. Fractures with displacement of more than 
2 mm and step-off in the articular cartilage are treated 
by open reduction and internal fixation. Many methods 
of fixation have been described in the past, including 
fixation with nonabsorbable sutures through longitudi- 
nal drill holes, circumferential wiring through the adja- 
cent soft tissue around the patella, and tension-band 
wiring. The cerclage wiring or tension band 
wiring with a wire loop over two longitudinal K-wires 
remains the treatment of choice (Fig. 21.19). Follow- 
ing internal fixation, repair of the extensor mechanism 
of the knee is an essential part of the treatment. 

Controversy remains about the treatment of the com- 
minuted fractures of the patella in children. One should 
try to preserve the patella by fixing the fragments and 
repairing the extensor mechanism of the knee. Medial 
marginal fractures require open reduction and fixation 
with transverse K-wires if they contain a large portion 
of the articular cartilage. The lateral marginal frac- 
tures and some small medial marginal fractures of the 
patella are best treated by surgical excision and repair 
of the extensor mechanism because of a high incidence 
of nonunion or fibrous union, which can cause persis- 
tent pain.^^ 

The sleeve fractures of the patella are seen only in 
children. The avulsed fragment from the inferior pole 
of the patella has minimal bone and is often difficult to 
see on x-rays. If in doubt, one should obtain an MRI of 




Figure 21.19. Lateral x-ray of the knee demonstrates the 
technique of internal fixation of the transverse fracture of the 
patella by tension band wiring. The wire loop is tightened over 
two longitudinal K-wires. (From ref. 97, with permission.) 



the knee and even a diagnostic arthroscopy to evaluate 
the articular cartilage and the amount of separation of 
the articular cartilage. The nondisplaced sleeve fracture 
is treated with a cylinder cast. A displaced sleeve frac- 
ture of the patella with disruption of the extensor mech- 
anism of the knee requires open reduction and internal 
fixation. 

Following either closed or open reduction, the knee 
is immobilized in a cylinder cast. Isometric exercise is 
started as soon as possible. Patients are instructed to do 
straight leg raising, and they should be able to perform 
this exercise within the first week following the treat- 
ment. The cast is removed in 6 weeks, and then pa- 
tients start active-resistive exercise for the quadriceps 
muscle, hip abductors, and hip extensors. The range of 
motion of the knee should begin slowly. Patients start 
with active-assisted range-of-motion exercise and grad- 
ually advance to more vigorous and passive range-of- 
motion exercise. 

Complications 

All displaced fractures of the patella require anatomic 
reduction and restoration of the articular cartilage and 
extensor mechanism of the knee. An unreduced dis- 
placed fracture results in high-riding patella and patella 
alta. The change in the position and length of the ex- 
tensor apparatus ultimately affects the extensor mecha- 
nism of the knee.^^’^^ These changes cause disuse at- 
rophy of the quadriceps muscle and extensor leg. The 
defect in the articular cartilage and irregularity of the ar- 
ticular cartilage cause degenerative changes and chon- 
dromalacia of the patella. Osteonecrosis of the patella 
can occur following circular wire fixation. This may 
cause retardation of the growth of the patella, especially 
in younger children. Stiffness of the knee joint can be 
due to prolonged immobilization. Patients will require 
extensive physical therapy to correct this problem. 

DISLOCATION OF THE PATELLA 
AND OSTEOCHONDRAL FRACTURES 
OF THE KNEE 

Acute dislocation of the patella, in a normal knee, is a 
rare injury in children. The injury is caused by a direct 
blow to the medial side of the patella. A sudden con- 
traction of the quadriceps muscle results in lateral dis- 
location of the patella, when the knee is fixed in flex- 
ion and varus position. The patella is usually dislocated 
laterally. On rare occasions the patella can be displaced 
medially, due to a direct blow to the lateral margin of 
the patella. Other conditions that predispose chronic 
subluxation or recurrent dislocation of the patella include 
internal torsion of the femur, hypoplasia of the lateral 
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femoral condyle, external torsion of the tibia, genu val- 
gum, patella alta, and quadriceps insufficiency. 

In a complete lateral dislocation, the patella is pushed 
over the lateral femoral condyle and lies on the lateral 
surface of the condyle. The incomplete dislocation oc- 
curs when the patella is displaced laterally and rests on 
the lateral edge of the femoral condyle. With complete 
dislocation of the patella, there is always a soft tissue 
injury to the medial side of the knee, such as a tear of 
the medial retinaculum, joint capsule, synovial mem- 
brane, or part of the vastus medialis. The degree of soft 
tissue injury is less with incomplete dislocation of the 
patella. 

A sudden lateral dislocation and spontaneous reduc- 
tion of the patella may cause osteochondral fracture of 
the lateral femoral condyle or patella. Osteo- 
chondral fractures of the femoral condyle can also oc- 
cur after direct trauma to the medial or lateral femoral 
condyle. A fall on a flexed knee can cause osteochon- 
dral fracture of the medial femoral condyle. Osteo- 
chondral fractures of the lateral condyle can be due to 
a direct blow to the lateral condyle. The osteochondral 
fractures can also be due to the rotation and compres- 
sion of the articular surface of the tibia against the dis- 
tal femur. 



Clinical and Radiographic Findings 

Most dislocated patellae are spontaneously reduced or 
are reduced by another person — coach, trainer, or emer- 
gency personnel — at the time of injury. Diagnosis of a 
recently reduced dislocation of the patella is based on 
the history and clinical findings of hemarthrosis, ten- 
derness on the medial side of the patella, and lateral 
subluxation of the patella. In an unreduced dislocated 
patella, the patient has pain and swelling in the knee 
and the knee is kept in flexed position. The patient is 
unable to actively flex or extend the knee. The patella 
can be palpated on the lateral side of the knee, and 
femoral condyles can be easily palpated under the skin 
in the anterior surface of the knee. 

The patient with osteochondral fracture of the knee 
may give a history of a direct blow to the front of the 
knee, or may describe a severe twisting injury in the 
flexed knee or a history of dislocation of the patella. 
There is extensive effusion of the knee joint. There is 
localized tenderness over the femoral condyle or medial 
margin of the patella. There may be subluxation and in- 
stability of the patella when it is pushed laterally. Aspi- 
ration of the knee shows bloody fluid containing fatty 
droplets. 

It is difficult to visualize an osteochondral fracture on 
plain x-rays. The loose osteochondral fragment may be 
obscured by overlapping femoral condyles. A lateral 



view may show a loose fragment in the suprapatellar 
pouch. The anteroposterior view may show entrapment 
of the loose fragment beneath the medial or lateral col- 
lateral ligament or adjacent to the patella. The tunnel 
view may show the fragment when it is in the inter- 
condylar notch. The skyline view may show the loose 
osteochondral fragment in the medial or lateral para- 
patellar region, or adjacent to the femoral condyle (Fig. 
21.20). A double-contrast arthrogram of the knee may 
show the loose fragment. Routine radiographs will fail 
to show the fracture bed on either the femoral condyle 
or the undersurface of the patella. MRI of the knee may 





Figure 21.20. The x-rays of the knee shows the osteochon- 
dral fracture following dislocation of the patella. A: The an- 
teroposterior view of the knee shows the osteochondral frag- 
ment (arrow), which is overlapped by the medial femoral 
condyle. B: The skyline view shows the osteochondral frag- 
ment (arrow) near the medial facet of the patella. 
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localize the osteochondral fragment and its bed, and will 
show a defect in the articular cartilage and marrow 
edema in the subchondral region of the patella or the 
femoral condyle. With dislocation of the patella, MRI 
will show subluxation of the patella and edema of the 
medial retinaculum (Fig. 21.21). 

Treatment 

A dislocated patella is easily reduced. The hip is flexed 
to relax the rectus femoris. The knee is slowly brought 
into extension and the patella is gently pushed anteri- 
orly and medially into the intercondylar area. The pro- 
cedure does not require general anesthesia. Some pa- 
tients may require intravenous sedation for relaxation. 




Figure 21.21. MRI of the knee following dislocation of the 
patella. A: On the lateral view MRI shows joint effusion and a 
loose osteochondral fragment (arrow) in the suprapatellar area. 
B: On the cross-section view MRI demonstrates edema and par- 
tial disruption of the medial retinaculum, and the loose osteo- 
chondral fragment (arrow). It also shows an osteochondral de- 
fect and subchondral edema of the medial facet of the patella. 



After reduction, the hemarthrosis should be aspirated. 
The fluid is checked for droplets of fat, and if positive, 
one should consider the possibility of an osteochondral 
fracture. Following reduction, the knee is immobilized 
in a cylinder cast holding the knee in full extension. The 
cast is used for a period of 4 weeks. After removal of 
the cast, patients receive physical therapy for strength- 
ening of the quadriceps muscle, especially the vastus 
medialis. 

Patients with first-time dislocation of the patella re- 
quire surgical repair if there is a wide, palpable gap 
in the medial retinaculum and capsule. All patients 
with chronic subluxation or recurrent dislocation of the 
patella require realignment of the patella, which is per- 
formed by lateral release and imbrication of the medial 
capsule and retinaculum. For more stability, the vastus 
medialis muscle can be advanced distally and anteriorly. 

For accurate diagnosis and localization of the osteo- 
chondral fracture, patients require further diagnostic 
studies, including MRI of the knee and arthroscopy. Op- 
erative treatment should be considered as the treatment 
of choice for acute osteochondral fractures. 

Small, loose osteochondral fragments from the margin 
of the femoral condyle or patella are removed. The de- 
fects involving the articular surface are smoothed and 
drilled down to the bleeding bone. The small defects will 
fill with fibrocartilage tissue. Reduction of the loose os- 
teochondral fragments is indicated if the fragments are 
large and the defects are in the weight-bearing area.^^’^^ 
Following reduction, the fragment is internally fixed by 
drilling a threaded pin or a compression screw through 
the osteochondral segment into the femoral condyle or 
patella. The fixating wire or screw should be counter- 
sunk in the articular surface. The operative repair 
of the medial retinaculum and joint capsule is recom- 
mended at the time of the replacement of the large os- 
teochondral fragment. 

Complications 

An unrepaired or stretched medial retinaculum results 
in persistent instability of the patella, chronic subluxa- 
tion, and recurrent dislocation. Patients with instability 
of the patella have limited athletic activities. They com- 
plain of tiring easily and weakness of the quadriceps 
muscle, and they hesitate to squat. All patients with 
chronic instability of the patella require realignment of 
the patella. 

The defect and irregularity of the articular cartilage 
may cause chondromalaclia and osteoarthritic changes 
of the joint, with persistent recurrent pain. Other com- 
plications include quadriceps atrophy, stiffness, and re- 
active synovitis of the knee due to the penetration of 
the fixating pin into the joint. 





21: Fractures Around the Knee in Children 285 



References 

1. Tachdjan MO. Pediatric Orthopaedics. Philadelphia: WB 
Saunders, 1972. 

2. Neer CS II, Horwitz BS. Fractures of the proximal hu- 
moral epiphyseal plate. Clin Orthop 1965;41:24-31. 

3. Peterson CA, Peterson HA. Analysis of the incidence of 
the injuries to the epiphyseal growth plate. J Trauma 
1972;12:275-281. 

4. Lombardo SJ, Harvey JP Jr. Fractures of the distal 
femoral epiphysis. Factors influencing prognosis: a review 
of thirty-four cases. J Bone Joint Surg 1977;59A:742- 
751. 

5. Roberts JM. Fracture separation of the distal femoral epi- 
physis. In: Proceedings of the American Academy of Or- 
thopaedics Surgeons. J Bone Joint Surg 1973;55A: 
1324. 

6. Ogden S. Skeletal Injury; in the Child. Philadelphia: WB 
Saunders, 1990:787-790. 

7. Clanton TO, Delee JC, Sanders B, et al. Knee ligament 
injuries in children. J Bone Joint Surg 1979;61A:1195- 
1201. 

8. Stephens DC, Louis DS, Louis E. Traumatic separation 
of the distal femoral epiphyseal cartilage plate. J Bone 
Joint Surg 1974;56A: 1383-1390. 

9. Basset FH III, Goldner JL. Fracture involving the distal 
femoral epiphyseal growth line. South Med J 1962;55: 
545-557. 

10. Goss CM (ed). Grain’s Anatomy; of the Human Body;, 
29th ed. Philadelphia: Lea & Febiger, 1973:664. 

11. Crock HV. The arterial supply and venous drainage of 
the bones of the human knee joint. Anat Rec 1962; 
144:199-217. 

12. Scapinelli R. Blood supply of the human patella: its rela- 
tion to ischemic necrosis after fracture. J Bone Joint Surg 
1967;49B:563-570. 

13. Salter RB, Harris WR. Injuries involving the epiphyseal 
plate. J Bone Joint Surg 1963;45A:587-622. 

14. Ogden JA. Skeletal growth mechanism. Injury pattern. 
J Pediatr Orthop 1982;12:371-377. 

15. Rang ML. The Growth Plate and Its Disorders. Edin- 
burgh: E&S Livingstone, 1969:139. 

16. Watson-Jones R. Fractures and Joint Injuries, 4th ed. 
Edinburgh: E&S Livingstone, 1955-56. 

17. Weber BG, Brunner C, Freuler F. Treatment of Frac- 
ture in Children and Adolescents. New York: Springer- 
Verlag, 1980. 

18. Snedecor ST, Wilson HB. Some obstetrical injuries to the 
long bones. J Bone Joint Surg 1949;31A:378-384. 

19. Burman MS, Langsam MJ. Posterior dislocation of lower 
femoral epiphysis in breech delivery. Arch Surg 1939; 
38:250-260. 

20. Diamond LS, Alegado R. Perinatal fractures in arthro- 



gryposis multiplex congenita. J Pediatr Orthop 1981; 
189-192. 

21. Edwardsen P. Physeo-epiphyseal injuries of lower ex- 
tremities in myelomeningocele. Acta Orthop Scand 
1972;43(6):550-557. 

22. Wenger DR, Jeff coat BT, Heering JA. The guarded prog- 
nosis of physeal injury in paraplegic children. J Bone 
Joint Surg 1980;62A:241-246. 

23. Hutchinson J Jr. Lectures on injuries to the epiphysis and 
their results. Br Med J 1894;1:669-673. 

24. Kurlander JJ. Slipping of the lower femoral epiphysis. 
JAMA 1931;96:513-517. 

25. Bohler L. The Treatment of Fractures, vol 2, 5th ed. 
New York: Grune and Stratton, 1957. 

26. Peterson WJ. Separation of lower femoral epiphysis. Can 
Med Assoc J 1929;21:301-303. 

27. Aitken AP, Magill HK. Fractures involving the distal 
femoral epiphyseal cartilage. J Bone Joint Surg 1952; 
34A:96-108. 

28. Buckley SL, Smith G, Sponseller PD, et al. Open frac- 
tures of the tibia in children. J Bone Joint Surg 1990; 
72A: 1462-1469. 

29. Tolo VT. External skeletal fixation in children’s fracture. 
J Pediatr Orthop 1983;3:435-442. 

30. Stamford JR, Evans WE, Morse TS. Pediatric arterial in- 
juries. J Vase Dis 1976;27:1-7. 

31. Friedman RJ, Jupiter JB. Vascular injuries and closed ex- 
tremity fractures in children. Clin Orthop 1984; 188: 
112-119. 

32. Greene NE, Allen BL. Vascular injuries associated with 
dislocation of the knee. J Bone Joint Surg 1977;59A: 
236-239. 

33. Navarre JR, Cardillo PJ, et al. Vascular trauma in chil- 
dren and adolescents. Am J Surg 1982;143:229-231. 

34. Smith PL, Lim WN, Ferris EJ, et al. Emergency arteri- 
ography in extremity trauma: assessment of indications. 
AJR 1981;137:803-807. 

35. Russo VJ. Case report: traumatic arterial spasm resulting 
in gangrene. J Pediatr Orthop 1985;5:486-488. 

36. Samson R, Pasternak BM. Traumatic arterial spasm — rar- 
ity or nonentity. J Trauma 1980;20:607-609. 

37. Fabian TC, Turkleson ML, Connelly TL, et al. Injury to 
the popliteal artery. Am J Surg 1982;143:225-228. 

38. Mubarak SJ, Hargens AR, Owen CA, Garetto LP, Ak- 
enson WM. The Wick catheter technique for measure- 
ment of intermuscular pressure. J Bone Joint Surg 1976; 
58A:1016-1020. 

39. Lange RH, Bach AW, Hansen ST Jr, et al. Open tibial 
fractures with associated vascular injuries: prognosis for 
limb salvage. J Trauma 1985;25:203-208. 

40. Bach A, Johansen K. Limb salvage using temporary ar- 
terial shunt following traumatic near amputation of the 
thigh. J Pediatr Orthop 1982;2:187-190. 




286 



H. Aprin 



41. Poland J. Traumatic Separation of the Epiphysis. Lon- 
don: Smith, Elder, 1898. 

42. Salter RB, Czitrom A, Willis RB. Fractures involving the 
distal femoral epiphyseal plate. In: Kennedy JC (ed). In- 
jury to the Adolescent Knee. Baltimore: Williams & 
Wilkins, 1979. 

43. Bright RW. Operative correction of partial epiphyseal 
plate closure by osseous-bridge resection and silicone rub- 
ber implant. J Bone Joint Surg 1974;56A:655-664. 

44. Bright RW, Burstein AH, Elmore SM. Epiphyseal plate 
cartilage. A biomechanical and histological analysis of fail- 
ure modes. J Bone Joint Surg 1974;56A:688-703. 

45. Langenshiold A. An operation for partial closure of an 
epiphyseal plate in children and its experimental basis. 
J Bone Joint Surg 1975;57B:325-330. 

46. Abbott LC, Gill GG. Valgus deformity of the knee re- 
sulting from injury to the femoral epiphysis. J Bone Joint 
Surg 1942;24:97-113. 

47. Wagner H. Surgical lengthening or shortening of femur 
and tibia: technique and indications. Prog Orthop Surg 
1977;1:71-94. 

48. Anderson M, Green WT, Messner MB. Growth and pre- 
dictions of growth in the lower extremities. J Bone Joint 
Surg 1963;45A:1-14. 

49. Moseley CF. A straight line graph for leg-length discrep- 
ancies. J Bone Joint Surg 1977;59A: 174-179. 

50. Aprin H. Femoral lengthening by callus distraction and 
cortical apposition (Z-osteotomy). Clin Orthop 1994; 
309:222-229. 

51. DeBastiani G, Aldegheri R, Renzi-Brivio L. Limb length- 
ening by callus distraction (callotasis). J Pediatr Orthop 
1987;7:129-134. 

52. Kojimoto H, Yasui N, Goto T, Matsude S, Shimomura 
Y. Bone lengthening in rabbits by callus distraction. J 
Bone Joint Surg 1988;70B:543-546. 

53. Ilizarov GA, Deviatov AA, Torkhova VG. Surgical length- 
ening of the shortened lower extremities. Vestn Khir 
1972;107:100-106. 

54. Monticelli G, Spinelli R. Limb lengthening by closed meta- 
physeal corticotomy. Ital J Orthop Traumatol 1982;4: 
139-145. 

55. Shelton WR, Canale ST. Fractures of the tibia through 
the proximal tibial epiphyseal cartilage. J Bone Joint 
Surg 1979;61A:167-173. 

56. Barkhart SS, Peterson HA. Fractures of the proximal tib- 
ial epiphysis. J Bone Joint Surg 1979;61A:996-1002. 

57. Welch PH, Wynne GF Jr. Proximal tibial epiphyseal frac- 
ture separation: case report. J Bone Joint Surg 1963; 
45A: 782-784. 

58. Nicholson JT. Epiphyseal fractures about the knee. Instr 
Course Lect 1967;18:74-83. 

59. Ogden JA, Tross RB, Murphy MJ. Fractures of the tibial 
tuberosity in adolescents. J Bone Joint Surg 1980; 
62A:205-215. 



60. Smillie IS. Injuries to the knee joint, 4th ed. Baltimore: 
Williams Wilkins, 1970. 

61. Ehrenborg G. The Osgood-Schlatter lesion: a clinical and 
experimental study. Acta Chir Scand Suppl 1962; 288: 
1-36. 

62. Truenta J. Studies of the Development and Decay of 
the Human Frame. London: Heinemann, 1968. 

63. Hand WL, Hand CR, Dunn AW. Avulsion fractures of 
the tibial tubercle. J Bone Joint Surg 197 1;53A: 1579- 
1583. 

64. Christie MJ, Dvouvh VM. Tibial tuberosity avulsion frac- 
ture in adolescents. J Pediatr Orthop 1981;1:391-394. 

65. Levi JH, Coleman CR. Fracture of the tibial tubercle. Am 
J Sports Med 1976;4:254-263. 

66. Roberts JM, Lovell WW. Fractures of the intercondylar 
eminence of the tibia. In: Proceedings of the American 
Academy of Orthopaedic Surgeons. J Bone Joint Surg 
1970;52A:827. 

67. Torisu T. Isolated avulsion fracture of the tibial attach- 
ment of the posterior cruciate ligament. J Bone Joint 
Surg 1977;59A:68-72. 

68. Meyers MH, McKeever FM. Fracture of the intercondy- 
lar eminence of the tibia. J Bone Joint Surg 1959; 
41A:209-222. 

69. Meyers MH, McKeever FM. Follow-up notes: fractures of 
the intercondylar eminence of the tibia. J Bone Joint 
Surg 1970;52A: 1677-1684. 

70. Zaricznyj B. Avulsion fracture of the tibial eminence: treat- 
ment by open reduction and pinning. J Bone Joint Surg 
1977;59A:1111-1114. 

71. Garcia A, Neer CS II. Isolated fractures of the inter- 
condylar eminence of the tibia. Am J Surg 1958;95: 
593-598. 

72. Belman DAJ, Neviaser RJ. Transverse fracture of the 
patella in a child. J Trauma 1973;13:917-918. 

73. Bostrom A. Fracture of the patella. Acta Orthop Scand 
Suppl 1972;43:1-80. 

74. Crawford AH. Fractures about the knee in children. Or- 
thop Clin North Am 1976;7:639-656. 

75. Green WT Jr. Painful bipartite patellae: a report of three 
cases. Clin Orthop 1975;110:197-200. 

76. Kohler A, Zimmer EA. Borderlands of the Normal and 
Early Pathologic in Skeletal Roentgenology, 3rd ed. 
New York: Grune and Stratton, 1968. 

77. Blount WP. Fractures of the patella. In: Blount WP. Frac- 
tures in Children. Baltimore: Williams & Wilkins, 1955. 

78. Houghton GR, Ackroyd CE. Sleeve fractures of the patella 
in children. A report of three cases. J Bone Joint Surg 
1979;61B:165-168. 

79. Devas MB. Stress fractures of the patella. J Bone Joint 
Surg 1960;42B:71-74. 

80. Beddow FH, Corkery PM, Shatwell GL. Avulsion of the 
ligamentum patellae from the lower pole of the patella. 
J R Coll Surg Edinb 1963; 64-65: 66-69. 




2 1 : Fractures Around the Knee in Children 287 



81. Sinding-Larsen MF. A hitherto unknown affection of the 
patella in children. Acta Radiol 1922;1:171-173. 

82. Ogden JA. Skeletal Injury; of the Child. Philadelphia: 
Lea & Fibiger, 1982. 

83. Griswood AS. Fractures of the patella. Clin Orthop 
1954;4:44-56. 

84. Rorabeck CH, Bobechko WP. Acute dislocation of the 
patella with osteochondral fracture: review of eighteen 
cases. J Bone Joint Surg 1976;58B:237-240. 

85. Peterson L, Stener B. Distal disinsertion of the patellar 
ligament combined with avulsion fracture at the medial 
and lateral margins of the patella. Acta Orthop Scand 
1976;47:680-685. 

86. Smillie IS. Injuries of the Knee Joint, 5th ed. Edinburgh: 
Churchill-Livingstone, 1978. 

87. Lieb FJ, Perry J. Quadriceps function: an anatomical and 
mechanical study using amputated limbs. J Bone Joint 
Surg 1968;50A: 1535-1548. 

88. Lieb FJ, Perry J. Quadriceps function. An electromyo- 
graphic study under isometric conditions. J Bone Joint 
Surg 1971;53A:749-758. 

89. Kennedy JC. The Injured Adolescent Knee. Baltimore: 
Williams & Wilkins, 1979. 



90. Rosenberg NJ. Osteochondral Fracture of the Lateral 
Femoral Condyle. J Bone Joint Surg 1964;64A: 
1013-1026. 

91. Ahstrom JP. Osteochondral fracture in the knee joint as- 
sociated with hypermobility and dislocation of the patella. 
Report of eighteen cases. J Bone Joint Surg 1965; 
47A:1491. 

92. Coleman HM. Recurrent osteochondral fracture of the 
patella. J Bone Joint Surg 1948;30B: 153-157. 

93. Cofield RH, Bryan RS. Acute dislocation of the patella: 
results of conservative treatment. J Trauma 1977; 17: 
526-531. 

94. McManus F, Rang M, Heslin DJ. Acute dislocation of the 
patella in children. The natural history. Clin Orthop 
1979;139:88-91. 

95. Bassett FH III. Acute dislocation of the patella, osteo- 
chondral fractures, and injuries to the extensor mecha- 
nism of the knee. Instr Course Lect 1976;25:40-49. 

96. Johnson EW, Mcleod TL. Osteochondral fragments of the 
distal end of the femur fixed with bone pegs. Report of 
two cases. J Bone Joint Surg 1977;59A;677-679. 

97. Hensinger RN. Operative Management of Lower Ex- 
tremity Fractures in Children. AAOS Monograph Series, 
1992:34. 




Chapter 22 



High Tibial Osteotomy 

Martin W. Korn 



P ainful knees with varus or valgus angular defor- 
mity and mainly unicompartmental noninflam- 
matory arthritis can be symptomatically improved 
by corrective osteotomy about the knee. This is believed 
to be due to transferring the excessive weight-bearing 
forces from the diseased compartment to the less in- 
volved one. As larger and more intact articular surfaces 
share the weight-bearing forces, pressure decreases, de- 
generation of the overloaded compartment may slow or 
reverse, and pain diminishes or ceases. Coventry,^ Ma- 
quet,^’^ Fujisawa et al,^ and Oldenbring et al^ reported 
that correction of angular deformity can lead to regrowth 
of an articular surface, which is thought to mature to a 
fibrocartilage. Analysis of the biomechanical forces in- 
volved in arthritic deformity has been published by Ma- 
quet,^ Chao,^ and Harding.^ 

This chapter addresses valgus high tibial osteotomy 
(HTO) for the varus knee, which is a more common and 
successful procedure for a more common problem than 
is distal femoral osteotomy for the valgus knee. A brief 
discussion of distal femoral osteotomy will follow the 
section on HTO. In discussions of HTO, it is often de- 
scribed as a difficult procedure with a high risk of com- 
plications. As with all surgery, meticulous attention to 
detail, careful preoperative planning and preparation, 
and experience combine to improve outcomes and limit 
problems. 

HISTORY 

Osteotomy of the tibia to correct deformity has been 
used since Richard Volkmann’s report in 1885. Lange 
treated deformity produced by ricketts, poliomyelitis, 
and trauma. Tibial osteotomy for degenerative joint dis- 



ease of the knee was first reported by Jackson and 
Waugh^ in 1958. In 1961 they reported the use of a 
“ball and socket” osteotomy at the level of the tibial tu- 
bercle to treat varus and valgus deformity in patients 
with a “useful” range of motion. Coventry’s^ prelim- 
inary report of 30 knees further stimulated interest in 
HTO. He and others have continued to report their post- 
surgical and long-term results. 

Early total knee replacement research and practice 
emphasized the use of long, standing x-rays for accu- 
rate mechanical axis and femoral-tibial angle measure- 
ment, and the intraoperative use of guides to establish 
correct lower limb alignment. Arthroscopic knee joint 
inspection, debridement, and abrasion arthroplasty had 
all been introduced by 1981 and improved the planning 
and performance of HTO. 

Prior practice most often depended on short x-rays 
without determining magnification, paper tracings and 
cutouts of the short x-rays for preoperative planning, 
and intraoperative standard x-rays, since portable fluo- 
roscopy was not generally available. In addition, os- 
teotomes alone were used to cut bones since saws were 
not available, and osteotomy fixation was often with only 
a cast, or with internal staple(s) and a cast. The fact that 
so many patients did so well is a tribute to the surgeons 
and to the soundness of the rationale for HTO. 



COMPLICATIONS, PITFALLS, AND SALVAGE 

General complications that may be associated with any 
type of knee surgery are not discussed in this chapter. 
Prevention and treatment are discussed under the fol- 
lowing major categories of HTO complications and 
pitfalls: 
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poor patient selection 

undercorrection 

overcorrection 

delayed union or nonunion 

nerve or vascular injury 

metal protruding into the medial joint space and frac- 
ture of the proximal tibial fragment 
fixation placement problems 
conversion to total knee replacement 
ligament laxity 

Poor Patient Selection 

Inappropriate patient selection decreases the likelihood 
of a satisfactory result, but many factors influence this 
decision. 

The Ideal Candidate 

The ideal candidate is younger than 65 years of age, 
active, not obese, and has isolated medial unicompart- 
mental osteoarthritis. The genu varum is less than 10 
degrees (femoral-tibial angle). There is at least 100- 
degree range of motion without extension lag. If there 
is a flexion contracture, it is less than 20 degrees. There 
is no major ligament instability and muscle strength is 
adequate. Pain is mostly medial, severe, and due to os- 
teoarthritis. The patient can use crutches or a walker 
and can participate in a postoperative rehabilitation pro- 
gram. Unfortunately, the ideal candidate is rarely seen. 

Specific Criteria 

Age and Activity Level. Total knee replacement 
(TKR) is most often considered for patients older than 
65 years, but older patients who are “physiologically 
young,” are in relatively good health, and have an ac- 
tive lifestyle can be strong candidates for HTO. For a 
sedentary patient over 65 years of age with similar dis- 
ease a TKR would usually be more appropriate. Simi- 
larly, patients younger than 65 years of age, who are 
active, working, and in good health, but whose joint de- 
formity and degenerative disease are more severe than 
ideal for HTO may be offered arthroscopy and os- 
teotomy, because the alternative is prosthetic knee re- 
placement. Whereas HTO results can improve over time 
as new fibrocartilage develops and knee range of mo- 
tion increases, the result from a TKR is rarely better 
than after the initial 6 to 12 months postoperative. 

I have done valgus HTO on a few younger patients 
(35 to 50 years of age) whose deformity and/or de- 
generative joint disease was sufficiently severe that they 
were better candidates anatomically for TKR. Their post- 
operative results were quite gratifying, which confirms 
Maquet’s advice to do HTO first, even with advanced 



osteoarthritis, since it often suffices, and a TKR can be 
done later if needed. However, except for young pa- 
tients, 1 believe our TKR technique and equipment have 
now improved to the point that TKR would be prefer- 
able in those cases with more advanced degenerative 
joint disease or deformity. 

Type and Location of Arthritis. Tibial osteotomy has 
been more successful in unicompartmental osteoarthri- 
tis in the medial joint space than in other profiles of the 
disease. The results of tibial osteotomy in patients with 
rheumatoid or other inflammatory arthritis have been 
less favorable, and they are usually better managed with 
TKR. 1 consider inflammatory arthritis a specific con- 
traindication for HTO. 

Degree of Varus Deformity and Range of Motion. 
The genu varum should ideally be less than 10 degrees 
(femoral-tibial angle). Varus of more than 15 degrees 
on weight-bearing preoperative radiographs is a relative 
contraindication to osteotomy. Severe limitation of 
range of motion (less than 70 to 80 degrees), a flexion 
contracture of more than 20 degrees, or a limitation of 
flexion beyond 80 degrees is a contraindication for this 
type of surgery. 

Bone Loss and Instability. Instability of a collateral 
ligament may confuse the preoperative osteotomy plan- 
ning. Although some advise varus and valgus stress 
radiographs, I concur with most surgeons in my pref- 
erence for a single-leg, standing, anteroposterior, 
weight-bearing radiograph on 91- or 130-cm films (36- 
or 51 -inch), which minimizes the effect of collateral lig- 
ament laxity. A weight-bearing anteroposterior film (of 
any length) helps to differentiate between ligamentous 
instability and instability due to cartilage or bone loss. 
A severe bone loss (greater than 10 mm) of the medial 
tibial plateau may contribute significantly to instability 
after osteotomy and to a “teeter-totter” effect on the 
tibial eminence. 

There is controversy over the correction of ligament 
instability. Maquet^’^ reported that sufficient correction 
by osteotomy produces ligamentous tightening by the 
end of the first postoperative year, regardless of the pre- 
operative laxity. I have not tightened collateral liga- 
ments, and have not observed subsequent symptomatic 
ligament laxity, though it required 2 years for one knee 
with a lax lateral collateral ligament to tighten up. 

Subluxation of the Tibia. Lateral subluxation of the 
tibia has been reported in about 50% of knees with 10 
to 15 degrees of varus deformity, and in almost 100% 
with more than 15 degrees of varus deformity. Some 
surgeons consider more than 1 cm of lateral subluxa- 
tion of the tibia a contraindication to osteotomy. I agree 
with Keene and Dyreby^^ and associates, however, who 
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did not find a correlation between the degree of tibial 
subluxation and the final clinical scores. 

Obesity. Obesity, by adding major weight-bearing 
stress to the knee joint, aggravates the deleterious bio- 
mechanical effects of angular deformity. However, clin- 
ical judgment should prevail when faced with the option 
of unicompartmental or total knee replacement in a very 
painful knee with mainly unicompartmental osteoarthri- 
tis. In my practice, obese patients have been vigorously 
counseled to lose weight before surgery, which has been 
delayed for this purpose, but no one has been denied 
HTO solely because of obesity. Osteotomy is more likely 
to be selected in less than ideal circumstances for 
younger patients and patients with strenuous occupa- 
tional stress. Obesity may be an even greater threat to 
the long-term stability and success of TKR. 

In summary, a young, active patient involved in stren- 
uous activities but with relative contraindications of se- 
vere osteoarthritis and/or deformity, obesity, or tibial 
subluxation may still be considered for HTO,^^ whereas 
the same findings in a patient over 60 years of age 
would lead to a TKR. Surprisingly good results can be 
achieved by correcting the angular deformity in these 
challenging cases, as originally advised by Maquet.^’^ 

As always, surgical decision making is done one case 
at a time, and not rigidly “by the book.” 

Undercorrection 

Undercorrection is the most common cause of poor re- 
sults with valgus HTO. Two main reasons for under- 
correction are failure to initially obtain the desired val- 
gus angle (“didn’t get it”), and failure to maintain the 
initial correction (“didn’t keep it”). 

Failure to Initially; Obtain the Desired 
Valgus Angle 

This failure can be due to either preoperative x-ray tech- 
nical problems or problems with preoperative planning, 
or intraoperative technical problems. 

Radiographic Protocol Consistent technical accuracy 
in taking the x-rays must be achieved to determine the 
precise degree of initial preoperative varus or valgus, to 
plan the surgery accurately, and to follow the postop- 
erative changes over time with accuracy and consistency 
for outcome determinations in each patient and in a se- 
ries of patients. 

Positioning when obtaining these films is the essen- 
tial factor; it must be consistent. In particular, the radi- 
ographic technologist must take special care to avoid 
limb rotation from true anteroposterior, posteroanterior, 
or lateral projections. Failure to do so introduces con- 
siderable error into the measurement of angles. Flexion 
contractures also make accurate angular measurement 
difficult. 



For the preoperative initial x-ray protocol, the fol- 
lowing four views are recommended: 

1. A 91-cm (36-inch) or 130-cm (51-inch) single leg 
standing anteroposterior view of the involved leg.^ 
The mechanical axis and femoral tibial angle are ac- 
curately measured on this view, as well as the height 
of the medial and lateral joint spaces and a relatively 
anterior tibiofemoral contact area. The hip and an- 
kle joint should also be adequately visible for evalu- 
ation, even though the x-rays are diverging proxi- 
mally and distally. 

2. A 45-degree flexion posteroanterior view of both 
knees. The height of the medial and lateral joint 
spaces at a relatively posterior tibiofemoral contact 
area can be accurately measured. The degenerative 
joint changes are usually more severe in this more 
posterior region, and therefore these measurements 
add sensitivity by recording the narrowest joint 
spaces. 

3. A 20-degree standing lateral view. The patellar in- 
dex is measured on this view. The quadriceps con- 
traction keeps the patellar tendon taut and thus helps 
to avoid positioning artifact of patellar position or 
patellar tendon length. The patellar index is normal 
if the patellar tendon is within 20% of the length of 
the patella. This is particularly useful for diagnosing 
patella infera. Patellar degenerative joint disease may 
be seen as well. 

4. A 45-degree Merchant patellar axial view. Patellar 
degenerative joint disease is well seen on this view 
as well as patellofemoral congruity, or lack thereof, 
at this physiologically functional angle. At more than 
45 degrees of knee flexion, the patella is almost al- 
ways congruous, and therefore the traditional sun- 
rise view with greater knee flexion is not as useful. 

Additional x-ray views may be obtained if needed, but 
these four provide the essentials for accurate preoper- 
ative determination of the severity of the arthritis and 
the precise amount of varus or valgus, for preoperative 
planning, and for postoperative follow-up. 

Based on anteroposterior long, standing x-rays and 
standing 45-degree flexion posteroanterior weight- 
bearing films, overall assessment of the severity of the 
osteoarthritic degenerative changes of the medial com- 
partment is made according to the classifications of 
Ahlback^^: 

Grade I: Joint space narrowing. 

Grade II: Joint space obliteration. 

Grade III: Mild bone destruction (less than 5 mm). 

Grade IV: Moderate bone destmction (5 to 10 mm). 
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Grade V: Lateral subluxation (more than 5 mm) 

of the tibial plateau, which may include 
lateral arthrosis and more than 10 mm 
of bone destruction. 

For preoperative x-ray planning, it is important to 
obtain accurately positioned x-ray views, which include 
at a minimum the first three views listed above for pre- 
operative initial x-ray protocol. Mechanical axis and 
femoral-tibial angle measurements define the severity of 
the deformity. 

The magnification of these images must be deter- 
mined so that surgical decisions are based on the actual 
dimensions of the proximal tibia. Magnification mark- 
ers (either a radiopaque 10-mm ball or two radiopaque 
marks 10 cm apart on a bar) can be taped to the skin 
halfway between the anterior and posterior proximal tib- 
ial borders when taking the long anteroposterior stand- 
ing film. Alternatively, a long radiopaque ruler can be 
taped to the skin in the same manner for the long an- 
teroposterior standing x-ray. This allows direct mea- 
surement of the tibia, since the ruler is magnified to the 
same degree as the bone. 

For the closing wedge HTO, the ruler technique is 
more accurate and easier than making tracings and 
cutouts. For the dome or wedge HTO, the divergence 
angle of proximal and distal pins can be calculated (see 
below) from the long anteroposterior single leg stand- 
ing view. 

In summary, undercorrection is often a technical 
problem starting with the preoperative x-rays. Preoper- 
ative radiographs may not have been weight bearing 
(leading to failure to account for cartilage or bone loss 
or ligamentous laxity), may have been too short for ac- 
curate determination of the deformity, or may have been 
rotated (leading to underestimation of the angular de- 
formity). Failure to compensate accurately for x-ray mag- 
nification can also produce intraoperative error. 

Recommended Terminology for Lower Limb Radi- 
ographs and Their Measurement. The literature con- 
tains varying and not always clearly defined references 
to x-ray views and techniques. The inconsistent termi- 
nology for measurement of these x-ray views makes it 
difficult to evaluate the published results. We need a 
standard nomenclature. I propose the following: 

A short film may be taken on any standard cassette 
normally used for knee x-ray films. 

A long film is taken on cassettes with dimensions of 
35 by 91 cm (14 by 36 inches) or 35 by 130 cm (14 
by 51 inches). The goal is to visualize the entire limb 
from the femoral head to the ankle joint. This is the 
more accurate format, and its use is strongly recom- 
mended. It should be obtained as an anteroposterior, 
single-leg standing film. 



The anatomic axis of the femur (Fig. 22.1) is a line 
down the “center” of the diaphysis (shaft) of the femur. 
This is most accurately located by connecting two points. 
One method is to measure the center of the femoral 
condyle at the intercondylar notch as point 1 and to use 
a point at the measured center of the upper femoral 
shaft diameter (as high as the film length allows) or the 
point of convergence of the lateral portion of the su- 
perior femoral neck and the greater trochanter as point 
2. A second method establishes point 1 at the measured 




Figure 22.1. Normal lower extremity alignment. The 
femoral-tibial angle is made by crossing the femoral and tib- 
ial anatomic axes. A: Femoral anatomic axis. B: Femoral me- 
chanical axis. C: Tibial anatomic (and mechanical) axis. D: 
Femoral-tibial angle (anatomic axis angle). E: Mechanical axis 
of limb. F: Point 1. G: Point 2. 
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center of the femoral shaft diameter halfway between 
the proximal and distal ends of the femur. Point 2 is 10 
cm above the knee joint at the measured center of the 
femoral shaft. These two methods may yield slightly dif- 
ferent results. 

The anatomic axis of the tibia (Fig. 22.1) is a line 
from the measured center of the ankle joint (i.e., the 
center of the articular portion of the distal tibia at the 
ankle joint) to the measured center of the proximal tib- 
ial plateau. Because in taller patients a 1-m cassette may 
exclude the ankle joint, it is acceptable (and occasion- 
ally necessary) to mark the distal tibial point in the mea- 
sured center of the tibial shaft as far distal as possible. 




Figure 22.2. Severe varus deformity. The mechanical axis 
angle is made by crossing the femoral and tibial mechanical 
axes. A: Mechanical axis angle. B: Femoral-tibial angle 
(anatomic axis angle). C: Mechanical axis of limb in varus. D: 
Femoral anatomic axis. E: Femoral mechanical axis. F: Tibial 
mechanical (and anatomic) axis. 



The mechanical axis of the tibia (Fig. 22.2) is the same 
as the anatomic axis of the tibia. 

The femoral-tibial angle (Fig. 22.2) is the angle in 
the coronal plane formed by the intersection of the 
anatomic axes of the femur and tibia. It is often called 
the “anatomic axis” but perhaps should be called the 
“anatomic axis angle.” It should be obtained with the 
patient standing, ideally on one leg only, with no more 
than balance support from the opposite limb. It is best 
taken on anteroposterior long films. The shape of the 
tibia or femur will influence the angle obtained. 

The mechanical axis of the femur (Fig. 22.2) is a 
line between the center of the femoral head (established 
by eye estimation) and the measured center of the 
femoral condyles at the intercondylar notch or one of 
several almost contiguous points. 

The mechanical axis of the lower limb (Fig. 22.2) 
is a line from the center of the femoral head (established 
by eye estimation) to the center of the ankle joint, as in 
the tibial anatomic axis. In a normal knee, this line 
passes within 3 to 4 mm of the center of the joint, which 
can be established at the measured midpoint of the tib- 
ial plateau. This axis defines the weight-bearing line of 
the limb for practical purposes. It should be obtained 
from a long single-leg weight-bearing film. 

The mechanical axis angle of the lower limb (Fig. 
22.2) is formed in the coronal plane by the intersection 
of the mechanical axis of the femur with the mechani- 
cal axis of the tibia. The term mechanical axis is often 
used to denote either of these measurements and may 
be a source of confusion. As with the femoral-tibial 
angle and mechanical axis, it is best obtained from a 
single-leg weight-bearing film, although patient inability 
may require it to be obtained from a two-leg weight- 
bearing view on a long film. In a normal knee, this an- 
gle is very close to 0 degrees and the mechanical axis 
of the femur overlies that drawn for the mechanical axis 
of the lower limb. If there is any angular deformity, the 
mechanical axis angle is different from the mechanical 
axis. “Mechanical axes are more reliable than anatomic 
axes in defining knee joint deformity.”^ 

The mechanical axis deviation (Figs. 22.3 and 22.4) 
is the distance in millimeters or centimeters that the me- 
chanical axis of the limb is displaced from the measured 
midpoint of the tibial plateau (subchondral plate). It is a 
simple and consistent measure of deformity and of its 
correction, which permits a percentage of deviation to 
be derived that is a consistent comparison between 
x-ray exams over time, and between patients. For ex- 
ample, “The mechanical axis is medially deviated 2.0 cm 
over a 4.0-cm hemitibia.” This describes a mechanical 
axis medial deviation of 50% of the medial hemitibia. 

The deviation angle of the mechanical axis is the 
angle between the mechanical axis of the limb and the 
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Figure 22.3. Varus knee with preoperative x-ray measure- 
ment. A: Mechanical axis in varus. B: Medial deviation of me- 
chanical axis. C: Delta angle or angle of change after os- 
teotomy. This is the corrected mechanical axis angle (CMA) 
and the divergence angle of two pins or screws in the tibia, 
which, when brought parallel, provide the desired valgus. D: 
The two intersection lines that made the delta angle (corrected 
mechanical axis angle). They are drawn from the center of 
the femoral head and the center of the ankle, intersecting in 
the lateral compartment at 30-50% lateral deviation to pro- 
duce the desired postoperative mechanical axis. E: New leg 
position after valgus high tibial osteotomy correction. 



tibial mechanical axis when the patient is standing. It is 
normally 0 degrees. This measurement is seldom used, 
but it can sometimes be informative. 

The tangential tilt angle is the angle between the 
femoral condyle and the tibial plateaus, measured from 
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Figure 22.4. Expanded view of varus knee with all of the 
routinely used preoperative measurements. A: Delta angle 
(corrected mechanical axis and divergence angle). B: 30-50% 
lateral deviation of mechanical axis is desired postoperative 
result. C: Measured midpoint of tibia. Considered the mid- 
point of the knee for x-ray measurements. D: Lateral tibial 
bony border. E: Medial tibial bony border. F; Subchondral 
plate of tibia. G: Hemitibia. H: Medial deviation of mechani- 
cal axis. I: To center of femoral head. J: To center of ankle. 



a coronal x-ray projection with the patient standing. This 
is no longer considered useful or clinically relevant. 

A 45-degree posteroanterior flexion weight-bearing 
x-ray view^^ assesses the relative narrowing of the tibio- 
femoral joint space and is useful for comparing the com- 
promised joint space in a varus or valgus knee with that 
in the opposite knee. It is also more accurate and sen- 
sitive than the standard weight-bearing anteroposterior 
x-ray film taken with the knee in full extension. The 
femoral-tibial contact area on this projection is more 
posterior than the anteroposterior standing view with 
the knee(s) extended to 0 degrees. Osteoarthritic changes 
are usually more severe in the posterior tibial and 
femoral articular surfaces and therefore this view usu- 
ally reveals the most compromised area(s) of the joint. 

The corrected mechanical axis (angle) or the me- 
chanical axis correction angle (Figs. 22.1-22.4) is 
formed by the intersection of one line drawn from the 
center of the femoral head (established by eye estima- 
tion) through the lateral tibia subchondral plate (tibial 
plateau) at a point 25% to 30% laterally deviated from 
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the measured center of the tibial plateau, and a second 
line drawn from the center of the tibial articular surface 
at the ankle through the same point on the lateral tibial 
subchondral plate. The proximal and distal angles formed 
are the same, and either one equals the divergence an- 
gle of the two pins or screws in the lateral tibial (one in 
the proximal fragment above an HTO, and one in the 
distal fragment below the HTO), which, when brought 
parallel after the osteotomy is completed, will achieve 
the desired valgus of the corrected mechanical axis. 

Intraoperative Technical Problems Causing Under- 
correction. These problems usually begin preopera- 
tively with inadequate x-rays, failure to determine the 
bone magnification on x-ray, and imprecise preopera- 
tive surgical planning of the wedge or dome procedure 
to be performed. 

With the closing wedge HTO, all of the preopera- 
tively determined wedge must be removed. Failure to 
plan well may result in undercorrection due to excision 
of a wedge that is too small. 

The expectation that 1 mm of bone at the base of 
the lateral based wedge is equivalent to approximately 
1 degree of angular correction is true only for a tibial 
width of 56 mm. Most tibias have a greater width, and 
will therefore require more than 1 mm to achieve 1 de- 
gree of angular correction. 

Medial soft tissue release is sometimes needed to gain 
all of the desired valgus correction, especially if there is 
severe varus of more than 10 degrees. This is true for 
most HTO techniques. 

The stabilizing lateral strut function of the fibula must 
be released in most cases, or all of the desired valgus cor- 
rection will not be achieved or retained. Different ways 
to release the fibular strut are discussed under below (see 
Nerve Injury). This is true for most HTO techniques. 

In the closing wedge technique, it is common to leave 
too much posterior cortical bone (usually because of con- 
cern for the adjacent major neurovascular structures). If 
not removed, this can prevent adequate closure of the 
wedge, even if it was correctly planned. 

In the dome technique there is occasionally impaction 
of the proximal and distal fragment lateral tibial cortices, 
which limits the amount of valgus that can be obtained. 
A periosteal elevator in the lateral osteotomy can dis- 
impact the cortices. 

Intraoperative mechanical axis measurement, use of 
divergence angle (Figs. 22.3 and 22.4), and composite 
long x-rays can improve the accuracy of valgus correc- 
tion. 

Failure to Maintain the Initial Correction and 
Loss of Correction Producing Under correct ion 
The usual causes of loss of the surgically obtained val- 
gus correction can best be categorized by the interval 
after surgery when the loss occurs. 



In the first few weeks postoperatively, loss of bony 
fixation at the osteotomy is the most common cause. 
For example, if external fixator pins become infected 
and require early removal prior to bony union at the os- 
teotomy, there is increased risk of a loss of valgus cor- 
rection. In this situation, it would be best to consider ap- 
plication of a well-molded long-leg cast in extension with 
full three-point valgus pressure applied while the cast 
material sets. This can be later converted to a cylinder 
cast, if there is x-ray evidence of early bony union and 
if the leg is sufficiently thin that a well-molded cylinder 
cast will stay up. Alternatively, a valgus orthotic can be 
applied and kept locked in extension for at least the first 
4 to 6 weeks, depending on x-ray evidence of bony 
union. Touchdown weight bearing with two crutches or 
a walker is required until good bony union is evident. 

Staple fixation can fail as well in the early weeks be- 
fore bony stability at the osteotomy has occurred. Treat- 
ment would be the same as for early external fixator re- 
moval. 

After the second or third month postoperative, loss 
of correction is commonly due to delayed union or 
nonunion at the osteotomy. Diagnosis is usually made 
with plain x-rays, but computed tomography (CT) scan 
and bone scan can assist when the diagnosis is uncer- 
tain (see below). 

Some loss of correction can occur years after HTO 
and is probably due to progression of the medial com- 
partment degenerative joint disease. This is a consistent 
observation of all long follow-up studies. There is no 
prevention, and the treatment is conversion to TKR if 
significant pain and disability have recurred. 

Overcorrection 

Overcorrection is not common. However, the causes of 
overcorrection usually start preoperatively, as with un- 
dercorrection, with inadequate x-rays (too short, rotated, 
not weight-bearing), failure to determine the bone mag- 
nification on x-ray, and imprecise planning of the wedge 
or dome procedure to be performed. During surgery, it 
is important to try to confirm how much valgus correc- 
tion has been achieved before committing to the final 
fixation of the osteotomy. The same methods can be 
used that were discussed for undercorrection. If there 
appears to be excessive valgus, correction, if possible, 
should be done then. If a closed-wedge HTO has been 
done, it is worth trying to replace some of the wedge 
laterally, and morcellizing the rest to fill the space be- 
tween the proximal and distal fragments as needed. 
Since solid contact between two flat surfaces (the ideal) 
has been lost, longer postoperative touchdown weight 
bearing may be necessary, depending on x-ray evidence 
of bony union. More secure fixation than staples, or sta- 
ples and cast, may also be beneficial. Blade plates, plates 
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and screws, or external fixators are all generally avail- 
able and may be advisable depending on the surgeon’s 
assessment of the osteotomy stability. 

If a barrel vault (dome) HTO has been done, it is rel- 
atively easy to decrease the valgus at surgery. Even in 
the first 1 to 2 weeks postoperatively, the valgus can 
be reduced, especially if an external fixator has been 
used. It requires only releasing the external fixator, repo- 
sitioning the alignment, and then resecuring and com- 
pressing the external fixator. If internal fixation has been 
used, it is still possible to reduce the valgus in the first 
1 to 2 weeks postoperatively, but only with major open 
surgery. This may not be the better decision unless the 
postoperative femoral tibial angle is 15 to 20 degrees 
or more. However, the specific situation will have to be 
individually assessed. 

For most patients, a mild to moderate amount of in- 
creased valgus in the range of 12 to 15 degrees (femoral 
tibial angle) is well tolerated. In the early postoperative 
period, the main patient concern is usually cosmetic. 
This concern can often be minimized by reminding the 
patient that the goal of the operation was to convert 
their “bowlegged” knee to a “knock-knee.” Having re- 
viewed their x-rays with them preoperatively and hav- 
ing explained the rationale of the procedure, they usu- 
ally remain content, even with a bit more valgus than 
needed to accomplish symptom relief. It is also consis- 
tently true that relief of medial pain allays most patients’ 
concern regarding some increased valgus. In fact, for 
some, the valgus is visible evidence of the reason their 
knee feels better. 

However, over the years, excessive valgus may pre- 
dispose some knees to earlier increasing lateral degen- 
erative joint disease and lateral knee pain than might 
otherwise have resulted. There is no objective or con- 
sistent measure regarding this issue, which is why 
whether to do major open surgery to reduce valgus must 
remain an individual decision between surgeon and pa- 
tient in each instance. If nothing is done to correct ex- 
cessive valgus in the immediate postoperative period, it 
is probably best to continue the usual postoperative care. 
Should significant lateral pain later develop, there is al- 
ways the option of joint replacement, if needed. This 
too should always be discussed preoperatively with the 
patient. 

Foot pain may develop in the presence of significant 
genu valgum, due to compensatory subtalar and mid- 
foot varus. A shoe orthotic will often help relieve the 
symptoms. 

Delayed Union or Nonunion 

Delayed union and nonunion are not common problems 
with HTO due to the large cancellous surfaces of the 
osteotomy. Each occurrence, however, is a very indi- 



vidual problem that may defy specific diagnosis despite 
an extensive evaluation. Some specific possible causes 
and some management options follow. 

Clinicall]; evident infection can cause a delayed or 
nonunion, though bone healing may continue even 
with infection, especially if adequate osteotomy im- 
mobilization can be maintained. In this era of “high 
tech” solutions, it is important to use the time-tested 
basic treatment methods for wound infection, includ- 
ing appropriate antibiotics and route of administration 
per culture and sensitivity, incision and drainage as the 
wound requires, and lower limb immobilization at least 
for a few weeks. In addition, limb elevation and rest 
are needed as are minimal and protected touchdown- 
only ambulation with two crutches or a walker, and 
good nutrition. Removal of the fixation device may be 
required to control the infection. In this situation, a val- 
gus knee orthosis should be considered until bony 
union is achieved. 

After the infection is controlled, a persistent failure 
of bone healing may require bone grafting. My strong 
preference remains fresh, posterior iliac crest, autoge- 
nous bone, which provides a large graft volume and a 
long successful history of producing bone union. Bone 
banks and non-human-derived grafting materials can be 
used when an autogenous source is not available or is 
contraindicated, but I would not consider them as the 
first choice until they can be shown to be as successful 
in the long term as fresh autogenous bone. 

Subclinical “suspected'' infection can be difficult, 
and sometimes impossible, to diagnose and may only 
be suspected. A patient can present with some, but 
rarely all of the following: 

Early postoperative observations (first 2 to 3 weeks) 
can include wound erythema, induration, or edema; a 
small hematoma or seroma that is not drained or cul- 
tured; low-grade temperature elevations; borderline ele- 
vated white blood count with neutrophils shifted mini- 
mally to the left; negative fever of unknown origin 
workup including blood cultures; and difficulty regaining 
knee range of motion. 

Later postoperative observations (after 6 to 8 weeks) 
can include persistence of any of the earlier problems 
except hematoma or seroma, which would have either 
resolved or become a more obvious problem needing 
drainage with culture and sensitivity, and treatment as 
indicated. In addition, continued or increasing proximal 
tibial pain may now be present, whereas pain should be 
mostly absent by this interval, with knee range of mo- 
tion close to the preoperative values. 

After 3 to 4 months postoperatively there may be 
failure to achieve solid bony union combined with some 
of the earlier postoperative observations which were sus- 
picious of, but were not diagnosed as, infection. Atten- 
tion at this point focuses on whether the delayed union 
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is due to infection. I have found it helpful to involve con- 
sultants in infectious disease and nuclear medicine at this 
stage, and often earlier as well when a “suspicion” of 
infection existed. 

Some of the techniques that have been helpful in- 
clude computed axial tomography scan, magnetic reso- 
nance imaging (MRI), and bone scan with isotopes that 
can help differentiate bone from soft tissue infection (if 
present at all). Needle biopsy of bone can be used, but 
by this time if there is no clear diagnosis of infection, 
surgery is probably indicated and the biopsy can be done 
at that time. The procedure I have used in four cases 
involved open inspection of the osteotomy area anteri- 
orly with tissue biopsy of the osteotomy site for stat 
Gram stain, culture and sensitivity, and histology. None 
had infection. Only one osteotomy had a nonunion (al- 
though it was expected in all four), and this was curet- 
ted and packed with fresh autogenous posterior iliac 
cancellous bone and healed. No instability was evident, 
so only a protective postoperative orthotic was used. 
The fact that the other three cases clearly had some pe- 
ripheral bony bridging anteriorly at the time of direct 
surgical visualization and therefore no nonunion, 
demonstrates that even a CT scan can miss a thin rim 
of healing bone. All four went on to heal. 

The value of ultrasound or electrical bone stimula- 
tion in these or other delayed unions needs further clar- 
ification, but seems promising at this time. I have had 
four or five cases in which I think bony union was ac- 
celerated with either electrical or ultrasound stimulation, 
but without adequate controls these results are only 
anecdotal. 

Once active infection has been controlled, or shown 
not to be present, additional issues may arise, such as 
whether to attempt to regain lost valgus correction if 
the initially obtained valgus has indeed drifted back into 
varus, and whether to alter or reinsert fixation. Bone 
grafting may need to be part of this additional inter- 
vention. Use of a valgus orthosis may help maintain val- 
gus correction until bone union is secure. I have found 
these orthotics helpful and well tolerated, especially 
when it is understood that their use is temporary. 

Inadequate bone contact at the osteotomy may de- 
lay, but rarely prevents, bone union. If the osteotomy 
surfaces are irregular due to technical problems, these 
may touch only at the “peaks,” producing inadequate 
bone surface contact. Separation of the proximal and 
distal tibial fragments will produce inadequate bone con- 
tact as well. 

Though a medial gap may remain after good bone 
union has occurred in the lateral one-half to two-thirds 
of the osteotomy, it will reliably close by 12 to 24 
months postoperatively and should therefore not be a 
cause for concern. 



Too little compression may favor inadequate bone 
contact as well as allowing some motion at the os- 
teotomy, either of which can delay union. 

There is a subtle problem involving the fixation de- 
vice that I believe I have seen twice, resulting in one de- 
layed union and one nonunion. This problem can oc- 
cur with either an external fixator or an internal blade 
plate. The interference with bony union appears to be 
caused by distal migration of the proximal tibial frag- 
ment fixation (either 5.0 mm external fixator screws or 
the blade of the blade plate) into the lateral part of the 
osteotomy itself. I believe the compression applied 
through the fixation device near the end of the proce- 
dure produces this distal migration through the relatively 
soft cancellous bone of the proximal fragment. Further 
compression only compresses the proximal fragment 
metal against the distal tibial fragment, and this is pri- 
marily against the dense lateral tibial cortical bone of 
the distal fragment. If this occurs, there may be no ef- 
fective compression remaining in the lateral contact area 
of the osteotomy, and in fact there may even be some 
distraction, especially if excessive compression is ap- 
plied, which can bend the distal screws and can pro- 
duce a proximally directed force on the medial portion 
of the proximal fixation device (screw or blade of blade 
plate). This problem can be avoided by being careful to 
place the proximal fragment fixation screw or blade at 
least 1 cm above the osteotomy, particularly laterally, 
and by not compressing the osteotomy excessively. Al- 
though I think most of this problem starts intraopera- 
tively, it is possible that it progresses somewhat in the 
early postoperative period as the knee is moved, stress- 
ing the proximal fixation. 

Nerve or Vascular Injury 

Nerve Injury 

There is a consistent risk of peroneal nerve injury as- 
sociated with HTO. Most larger studies report some 
cases, though the incidence varies widely. Peroneal 
nerve injury is associated with division of the fibular 
shaft. The incidence of peroneal nerve palsy (partial or 
complete) is most often reported with fibular neck os- 
teotomy, followed by osteotomy in the middle and dis- 
tal thirds of the fibular shaft. The junction of the mid- 
dle and distal thirds is the safest region of the fibular 
shaft for osteotomy or short ostectomy. Safer still is a 
proximal tibiofibular joint capsulotomy, a medial fibular 
head minimal ostectomy, and “springing” the fibular 
head away from the tibia (with a y 4 -inch curved osteot- 
ome) to ensure adequate fibular mobility when valgus 
tibial correction is achieved. This last technique is fully 
described and illustrated in the description of the HTO 
technique I have been using for the past 11 years. 
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The best prevention of peroneal nerve injury (often 
just some weakness of the extensor hallucis longus) is 
to avoid any surgery on the fibular shaft. Between Jan- 
uary 1987 and now, I have done 116 HTOs. However, 
in the prior years (1983 to 1986), I had three peroneal 
nerve palsies. All three were associated with fibular os- 
teotomy 10 to 15 cm below the fibular head, which is 
a common location for fibular osteotomy. Two were ini- 
tially a drop-foot and the third a great toe weakness and 
numbness. They have all resolved to the point that only 
a small amount of residual great toe weakness remains. 

Vascular Injury; and Posterior Tibial 
Neurovascular Bundle Injury 

The incidence of this rare complication of HTO can be 
even further decreased by attention to some anatomic 
details. Although the neurovascular bundle lies in close 
proximity to the posterior tibia, it is somewhat mobile. 
Therefore, careful dissection next to the bone is not 
likely to cause injury. However, the neurovascular bun- 
dle does not “fall away” from the tibia when the knee 
is flexed, even to 90 degrees. Knee flexion does, how- 
ever, relax the musculotendinous structures adjacent to 
the neurovascular bundle, thus enhancing the normal 
mobility of the bundle, and knee extension accomplishes 
the opposite. Anteriorly directed pressure behind the 
knee can “trap” the neurovascular bundle against the 
posterior tibia. For this reason, it is essential to avoid 
bolsters or hands behind the knee during HTO. I have 
found it helpful to use a leg holder (Fig. 22.5) to main- 
tain the desired flexion during surgery. This frees an as- 
sistant from having to control knee position and hip ro- 
tation, and helps to avoid a hand from inadvertently 
straying behind the knee. 

The placement of most internal fixation devices on 
the lateral tibial surface can endanger the anterior tibial 
artery or its branches. This occurs because dissection 




Figure 22.5. Leg holder (Innomed, Mentone, IN). 



and retraction to the posterior portion of the lateral tib- 
ial shaft, near the interosseous membrane, is often nec- 
essary to gain exposure and secure fixation of the os- 
teotomy with the usual blade plates or plates and screws. 
The anterior tibial artery and its branches penetrate into 
this same space anterior to the interosseous membrane 
at the proximal tibia, and are thus at risk. Bleeding from 
one of the branches of the anterior tibial artery can be 
difficult to control because they are deep in the wound, 
which at that location is bounded by the rigid fibula, 
tibia, and interosseous membrane. This makes retrac- 
tion and dissection for better visualization quite chal- 
lenging. 

Completing the anterior compartment fasciotomy 
started proximally by the anterior exposure will help 
avoid anterior compartment syndrome, which is always 
a risk with tibial fracture, even when surgically produced. 

Pin or screw insertion from lateral to medial for ex- 
ternal or internal fixation of the tibia can produce vas- 
cular injury if the device penetrates too far posteriorly. 
If there is any question regarding the location of the 
hardware, obtain additional projections with the portable 
f Horoscope, especially lateral and external rotation 
views. 

Metal Protruding into the Medial Joint Space 
and Fracture of the Proximal Tibial Fragment 

These are intraoperative technical problems that can 
usually be avoided by generous use of portable fluo- 
roscopy. If a screw, pin, or blade is introduced from an- 
terolateral to posteromedial, the x-ray external rotation 
view can bring the metal to 90 degrees from the cen- 
tral x-ray beam, thus showing the true length and tip 
position of the metal. This view can be used beneficially, 
therefore, in addition to the usual anteroposterior and 
lateral views if needed. 

There is a risk of fracture of the proximal fragment 
in the closing wedge HTO if the medial cortex is left in- 
tact and a strong valgus force is applied. It is therefore 
important to at least weaken the medial cortex with drill 
holes or a partial osteotomy so that the valgus force 
passes through the proximal tibia in the plane of the 
osteotomy. 

Fixation Placement Problems 

For high tibial valgus osteotomy, internal or external fix- 
ation is usually inserted from the lateral tibial surface. It 
is highly desirable to direct the fixation from anterolat- 
eral to posteromedial. There are several reasons for this: 

1. As discussed above (see Nerve or Vascular Injury), it 
is important to stay anterior on the lateral tibial sur- 
face in order to avoid the anterior tibial artery and 
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its branches, which lie posteriorly at the proximal 
tibia. 

2. It is technically easier for visualization and instru- 
mentation, and gentler to soft tissues and perios- 
teum, to stay more anterior in the anterior com- 
partment. 

3. Good bone purchase and control can be achieved 
without needing to go more posterior. 

4. Only the anterior 1.5 to 2.0 cm of the lateral tibial 
shaft needs to be exposed where the fixation is to 
be inserted. The anterior tibial muscle that is released 
from the tibia in this area is gently retracted. The fix- 
ation is inserted through the exposed bone and not 
through the muscle. This minimizes muscle injury, 
bleeding, and pain, as well as decreases the risk of 
peroneal nerve injury. 

If an external fixator is used, the skin edges should 
be held temporarily approximated (with a suture, towel 
clip, etc.) when the external fixator pins or screws are 
inserted through the skin. This prevents the pin or screw 
from holding the skin edges apart, which necessitates 
replacing the external fixator when attempting to close 
the wound at the end of the operation. However, after 
passing the pin or screw through the skin, I advise ex- 
posing the wound as needed for each pin or screw so 
as to retract the anterior compartment muscle out of 
the way. If directed from anterolateral to posteromedial, 
the external fixator pin or screw thus passes essentially 
from skin to bone and minimally or not at all through 
muscle. 

These comments regarding anterior compartment 
muscle apply only to the fixation device at the distal 
fragment, since there is so little soft tissue over the prox- 
imal tibial fragment’s lateral and anterolateral surface. 

Conversion to Total Knee Replacement 

Some authors state that doing a TKR after a closing 
wedge HTO is more like a revision TKR than a primary 
one. This has not been the case in my experience af- 
ter dome HTO. 

With wedge HTO, I believe the difficulty when pres- 
ent stems from the more common occurrence of patella 
infera and the loss of metaphyseal bone with resulting 
“step-off” laterally, inherent in the closing wedge tech- 
nique. If a significant tibial bone segment must be re- 
moved for the TKR, the surgeon risks looking at the 
“bottom of the ice cream cone” and at a major decrease 
in medial-lateral tibial diameter. This can result in a sig- 
nificant mismatch between the medial-lateral femoral 
and tibial diameters, or less than adequate bone support 
for the lateral part of the tibial component. A thinner 
tibial cut can be planned if a lateral prosthetic wedge or 
block is used as a lateral filler. A V-Y quadriceps teno- 



plasty can help adjust for patella infera, but this displaces 
the patella distally, which changes its contact area on 
the femoral trochlea. 

Ligament Laxity 

Preoperative exam will detect significant ligament laxity. 
Single-leg, standing, anteroposterior x-ray will usually 
clarify functional ligament balance and laxity issues. It is 
rarely necessary to consider varus-valgus stress x-rays. 

Lateral ligament laxity is of special concern, and if 
severe is probably a contraindication to vagus HTO since 
retention of the valgus correction may not be possible, 
resulting in a teeter-totter effect. 

Anterior cruciate ligament (ACL) laxity is rarely a 
practical problem in these patients, since they usually 
have low-demand knees. It is preferable to do the HTO, 
correct the bony alignment, and then observe whether 
the ACL laxity is symptomatic. With this approach an 
ACL reconstruction may not be necessary. 

Significant medial or posterior laxity in this patient 
group is very rare. If encountered, it is best approached 
like ACL laxity. I have no experience with collateral lig- 
ament tightening as part of an HTO, and have not found 
it necessary. 

DISTAL FEMORAL OSTEOTOMY 

This procedure is reserved for lateral compartment os- 
teoarthritis with genu valgum. Correction should be to 
0 degrees, or to 3 to 4 degrees of valgus, but should 
not be overcorrected into varus (in contrast to the varus 
knee, which is beneficially slightly overcorrected into val- 
gus). Preservation of the joint line parallel to the ground 
is the reason for correcting the excessive genu valgum 
above the knee joint. Joint obliquity can result when a 
significant valgus deformity is corrected by an HTO. Ei- 
ther a medial or lateral approach to the supracondylar 
femur can be used. The same three techniques as used 
for HTO for intraoperatively checking the amount of 
angular correction can be used for distal femoral os- 
teotomy. Fixation must be rigid due to the anatomic re- 
quirements of the femur, which has a thick cortex, a 
relatively small bone contact surface, and much less can- 
cellous bone than the proximal tibia. Due to the large 
circumference of the thigh, because of the thigh mus- 
cles, cast immobilization is not adequate. External fixa- 
tion is also not a good choice due to the large muscle 
mass through which the external fixator screws would 
have to penetrate. Staples do not provide sufficient me- 
chanical strength. Therefore, a blade plate or plate and 
screws are the fixation of choice for a distal femoral os- 
teotomy. The supracondylar location of the osteotomy 
rules out current techniques of intramedullarly fixation. 

Results of distal femoral osteotomy for valgus knees 
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Figure 22.6. Saw bones: plate of 
instrumentation unit secured to tibia 
with one uni- or bicortical screw. 
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are not as good as HTO for varus knees. Because there 
are far more knees with varus deformity, distal femoral 
osteotomy is a less common procedure than HTO. As 
a result, most orthopedic surgeons have relatively little 
experience with distal femoral osteotomy. The patient 
group tends to be older, and there may be a hereditary 
influence. Due to the poorer results of distal femoral os- 
teotomy (compared to HTO), patients over 50 years old 
with significantly painful lateral knee osteoarthritis with 
genu valgum may be advised to have a unicompart- 
mental or a total knee replacement. Therefore, patients 



with moderate genu valgum and mild to moderate pain 
that can be reasonably controlled by nonoperative 
means can be treated conservatively until pain and dis- 
ability progress to the level that joint replacement can 
be appropriately recommended. 

I believe that some of the previously discussed po- 
tential complications of HTO can be prevented by us- 
ing a high tibial dome (vault) osteotomy. I have devel- 
oped appropriate instrumentation for this technique 
(Figs. 22.6 and 22.7) that is not commercially available 
at present. This blade plate instrumentation helps to re- 



Figure 22.7. Saw bones: tempo- 
rary intraoperative external fixator 
securing and gently compressing 
the proximal and distal 5-mm 
screws and osteotomy. The screws 
are now parallel. 
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solve many of the internal fixation problems encoun- 
tered with a valgus HTO: 

The blade is directed from anterolateral to postero- 
medial. 

The plate is applied far anteriorly on the lateral tib- 
ial shaft. 

Since this is a blade plate, it provides more stability 
and rigidity than a plate and screws, or staples. 

Compression can be applied to the osteotomy as de- 
sired before placing screws in the plate. 

The instrumentation unit and this technique confine 
dissection to the anterior tibia, improve the accuracy 
of angular correction, provide a template for the fi- 
nal blade-plate angle if the final blade-plate implant 
needs to be bent, and provides three intraoperative 
checks of the desired angular correction. 
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O ver the past two decades, total knee arthro- 
plasty has evolved into a procedure with reli- 
able and predictable results. The reported 10- 
to 15-year survivorship of a total knee replacement is 
as high as 95% to 98%.^“^ Refinements in prosthetic 
designs, recognition of the importance of ligamentous 
balancing, and modifications in instrumentation to 
achieve appropriate alignment contribute to the im- 
proved success rate. Despite the improvement in surgi- 
cal outcome, however, complications continue to occur. 

An understanding of the potential complications and 
pitfalls of primary and revision total knee reconstruction 
is essential for prevention. The common complications 
of total knee arthroplasty include infection, loosening, 
thromboembolism, arthrofibrosis, periprosthetic frac- 
ture, extensor mechanism dysfunction, and bone loss. 
There are also neurovascular and wound-related com- 
plications. 

This chapter reviews the common complications and 
pitfalls of total knee replacement procedures. For each 
complication, the incidence, etiology, predisposing risk 
factors, and management options are discussed. 

SOFT TISSUE COMPLICATIONS 

The incidence of wound-related complications following 
primary and revision total knee arthroplasty is reported 
to be as high as 10% to 22 %.^ Types of wound prob- 
lems include delayed wound healing, prolonged or per- 
sistent drainage, hematoma, superficial infection, and 
necrosis. The significance of wound healing problems is 
that they lead to an increased risk of developing deep 
infection; 17% to 50% of prosthetic infections are as- 
sociated with a history of prolonged wound drainage.^ 



Compared to the hip, the knee is a superficial joint 
with a relatively thin soft tissue envelope. The superfi- 
cial nature of the joint can complicate an otherwise mi- 
nor wound problem. In addition, the knee has a unique 
vascular anatomy. The blood supply to the soft tissues 
of the anterior knee is random and arises from the con- 
tributions of multiple vessels. An anastomosis of arter- 
ies forms a ring around the patella.^ Arising from the 
popliteal artery, the inferior and superior genicular ar- 
teries supply terminal branches to the anastomotic ring. 
Additional arteries contributing branches to the ring in- 
clude the lateral circumflex femoral, a branch of the pro- 
funda femoris artery; the supreme genicular, from the 
superficial femoral artery; and the anterior tibial recur- 
rent, from the tibial artery.^ 

The blood supply to the skin of the lower extremity 
typically arises from direct cutaneous vessels, musculo- 
cutaneous perforators, and fasciocutaneous perfora- 
tors.^ However, the anterior knee does not have inter- 
muscular septa or muscles to provide arterial perforators 
to the skin. In addition, except for the medial saphe- 
nous region of the knee, there are no direct cutaneous 
vessels.^ The arterial blood supply is not located super- 
ficially near the dermis. Anteriorly, the circulation of 
the skin is dependent on the dermal plexus. This plexus 
originates from arterioles traveling with the subcuta- 
neous fascia.^ Undermining the subcutaneous layer and 
raising skin flaps superficial to this fascia can disrupt 
skin circulation and potentially lead to wound compro- 
mise."^ To preserve skin circulation, it is recommended 
to leave the fascia attached to the subcutaneous layer. 

Choosing the appropriate skin incision is important 
to reduce the risk of developing a wound complication. 
Midline skin incisions are generally the least disruptive 
to the blood supply."^’^ The appropriate incision for pri- 
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mary and revision arthroplasty is one that allows suffi- 
cient exposure but avoids the creation of hypovascular 
flaps. Patients at greatest risk for developing severe 
wound complications following total knee arthroplasty 
have a history of prior knee skin incisions^’^’^^’^^ (Figs. 
23.1-23.6). 

Unfortunately, many patients in need of primary and 
revision total knee replacements have had prior opera- 
tive interventions and may have numerous scars of vary- 
ing orientations and locations. Performing a new surgi- 
cal approach in the presence of preexisting incisions 
can potentially compromise the circulation. For the pre- 
viously operated knee, it is recommended to place the 
incision at or near the midline. When possible, pre- 
existing scars should be utilized. In addition, old in- 
cisions can be incorporated, if they lie near the midline. 

Previous straight medial and lateral incisions, such as 
those used for collateral ligament repairs, cannot be eas- 
ily incorporated with a standard midline approach and 
most often can be ignored.^ Also, prior short para- 
patellar incisions can generally be ignored.^ If neces- 
sary, previous incisions can be crossed at 90-degree an- 
gles without significant risk of soft tissue complications.^ 

Although midline incisions are preferred, an excep- 
tion is made when there are prior longitudinal incisions, 
such as an old medial or lateral parapatellar incision. In 
this setting, use of the previous approach is preferred 




Figure 23. 1 . An avascular flap 5 days post-total knee arthro- 
plasty in a patient with multiple prior surgeries and incisions 
on the knee. 




Figure 23.2. Gradual process of necrotic flap development, 
which appeared to be superficial. No generalized signs of in- 
fection and no joint involvement 9 days postoperatively. 



over the creation of a new midline incision. The skin 
between scars has an increased potential for inadequate 
vascularity. Also, when there are multiple longitudinal 
scars about the anterior knee, it is generally recom- 
mended to choose the most lateral scar.^’^ The ratio- 
nale for use of the lateral incision is based on the vas- 
cular pattern, which is richer on the medial side of the 
knee compared to the lateral side. In addition, transcu- 
taneous oxygen measurements show reduced oxygen 
tension in the lateral skin region. 

Associated with a high incidence of wound compli- 
cations are curved medial incisions with large laterally 
based flap.^^“^^ Typically, the more medial the incision, 
the larger the lateral skin flap is required for adequate 
exposure. However, the blood supply of these flaps is 
random and may be poorly vascularized. In addition, the 
base to width ratio may not be sufficient to support the 
flap, resulting in ischemia. Moreover, wide scars with 
underlying atrophic soft tissue may suggest prior subder- 
mal circulatory compromise and should be approached 
with caution. 

In addition to previous scars, other significant risk fac- 
tors for the development of soft tissue complications are 
skin compromised by burns, irradiation, or prior wound 
healing problems. Irradiated tissue is associated with at- 
rophy, fibrosis, and poor tissue repair secondary to 
residual endothelial cell injury and endarteritis.^^ 
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Figure 23.4. At 15 days postoperation, the skin lesion and 
surrounding necrotic tissues are debrided. Split-thickness skin 
graft will be applied. 



Overview of Complications of Total Knee Arthroplasty 305 



Figure 23.5. Debridement completed prior to application of 
split-thickness skin graft. 



Other less significant risks for wound-related prob- 
lems include chronic steroid use.^^ Steroid use can be 
associated with poor tissue turgor and poor skin vascu- 
larity.^ Wound inflammation, epithelialization, and col- 
lagen synthesis are reduced. Cortisone causes an in- 



Figure 23.6. At 3 months postoperation, the skin graft has 
healed. No further skin problems or joint problems encoun- 
tered. At the time of this writing, the patient is 12 years post- 
operation and continues to be asymptomatic and has not re- 
quired revision. 



Figure 23.3. At 2 weeks postoperation, the skin lesion has 
completely demarcated. No drainage and no sign of joint in- 
volvement are present. 



Another factor that can adversely affect wound heal- 
ing is cigarette smoking. Substances contained in cig- 
arettes such as nicotine and its breakdown product co- 
tinine cause systemic vasoconstriction.^’^^ Systemic 
vasoconstriction potentially decreases microcirculation 
to the skin. Smoking can also affect cellular healing by 
inhibiting factors involved in wound epithelialization.^’^^ 
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crease in collagenase activity, causing collagen destruc- 
tion.^^ Inhibited fibroblast proliferation and collagen ac- 
cumulation may result in decreased tensile wound 
strength. Steroid use in the early postoperative period 
may potentially impair healing. However, at this time, 
there is not an established need to eliminate steroids 
prior to surgery when they are required for disease con- 
trol and prevention of addisonian crises. Chronic steroid 
users are theoretically at greater risk for developing 
wound complications."^ 

It has been reported that wound-related complica- 
tions are more common in rheumatoid arthritis than os- 
teoarthritis. It has been observed that there is some re- 
duction in skin thickness in patients with rheumatoid 
arthritis, which may occur as a result of altered colla- 
gen metabolism. However, the predilection for soft 
tissue complications is likely to be related to steroid use 
for patients with rheumatoid arthritis. 

Another potential deleterious effect on wound heal- 
ing is malnutrition.^^ A total lymphocyte count of less 
than 1,500 cells per cubic millimeter and serum albu- 
min less than 8.5 g per deciliter are associated with a 
greater frequency of developing a major wound com- 
plication following total joint arthroplasty.^^ Preopera- 
tive screening of nutritional parameters may identify pa- 
tients at risk for developing major wound problems. To 
avoid potential wound-related problems, preoperative 
optimization of the nutritional status is recommended. 

The hypovolemia and severe anemia have also been 
found to be detrimental to healing. These conditions are 
associated with decreased oxygen delivery to the wound. 
Wounds require adequate oxygenation for healing. In- 
adequate hydration may reduce tissue perfusion and oxy- 
gen delivery to the soft tissues, resulting in wound necro- 
sis.^ Severe anemia with concomitant hypovolemia 
potentially reduces tissue oxygenation. However, for 
normovolemic patients, mild to moderate anemia is not 
a factor causing poor wound healing because blood oxy- 
gen does not adversely affect collagen activity. 

Impaired wound healing has been found in diabetes 
mellitus.^’^T4 Decreased collagen synthesis, delayed ten- 
sile strength, and delayed capillary ingrowth have been 
proposed as possible contributing factors.^ Also, pe- 
ripheral vascular disease is common in diabetics. To 
avoid potential wound problems, blood sugar control 
should be optimized preoperatively in diabetic patients 
and closely monitored in the postoperative period. In 
addition, meticulous wound closure is recommended to 
optimize wound healing. 

Morbid obesity can also contribute to delayed wound 
healing and an increased incidence of wound drainage 
following total knee arthroplasty. In substantially obese 
patients, the skin is less adherent to the underlying soft 
tissues and can become separated during retraction. Adi- 



pose tissue also lacks good circulation, which makes it 
particularly vulnerable to devascularization. The use of 
longer incisions and multiple layer closure may be help- 
ful in reducing the risk of wound healing problems post- 
operatively. 

The effect of immunosuppressive medication such as 
methotrexate has not been reliably demonstrated in the 
literature to contribute adversely to wound healing. 
Chemotherapeutic agents, however, may slow wound 
healing because of their affect on dividing cells. Also, 
use of continuous passive motion (CPM) machines has 
not shown a major difference in wound healing. How- 
ever, there is controversial support for not allowing CPM 
knee flexion greater than 40 degrees during the early 
postoperative period. 

Vigilance is required postoperatively to detect early 
signs of soft tissue complications, particularly for pa- 
tients with known risk factors. Early treatment of wound 
problems reduces the risks for developing deep infec- 
tion. In addition, prompt treatment can prevent loss of 
soft tissue envelope and subsequent exposure of the 
prosthesis. There are three categories of wound prob- 
lems: prolonged drainage or delayed healing, superficial 
necrosis, and full-thickness necrosis. The need for sur- 
gical intervention is dependent on the extent of skin 
compromise. 

Early superficial drainage can be observed when it is 
associated with a benign-appearing wound and no other 
findings typical of infection such as tenderness, erythema, 
or purulence. A temporary period of immobilization and 
local wound care may be sufficient for treatment. Cul- 
tures of superficial drainage should be interpreted with 
caution. The drainage fluid is often contaminated by skin 
flora and may not correlate with deep infecting organ- 
isms. Antibiotics, however, should be avoided without first 
obtaining culture and sensitivity of the joint fluid. 

The incidence of culture-proven deep prosthetic in- 
fection for patients with prolonged drainage ranges from 
17% to 50%.^ Prompt surgical intervention for chronic 
drainage may prevent deep infection. It is advocated that 
patients with serous drainage persisting longer than 5 
to 7 days for infection should be taken to the operat- 
ing room for exploration and debridement.^ The need 
for surgical exploration is dependent on the overall ap- 
pearance of the wound, the notation of other signs of 
infection, and the existence preoperatively of risk fac- 
tors for wound-related problems. 

Hemarthrosis and hematoma formation can be as- 
sociated with persistent wound drainage."^ Hematomas 
can adversely affect wounds from local pressure. The 
release of toxic breakdown products of hemoglobin also 
potentially threatens skin viability. In addition, hema- 
tomas are a good culture medium for organisms and are 
not well penetrated by antibiotics. Large hematomas 
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with signs of impending skin necrosis or drainage should 
be surgically drained and the patient placed on pro- 
phylactic antibiotics. 

Early signs of skin blood flow compromise include ec- 
chymosis and bullous formation (Fig. 23.1). Removal of 
the blister should be considered to better assess under- 
lying skin viability. Superficial necrotic areas measuring 
less than 3-4 cm in diameter and marginal necrosis may 
be treated conservatively with local wound care. How- 
ever, the dermal layer must be intact. Caution must be 
exhibited with nonoperative management, as a small 
tract may lead from the skin directly to the prosthesis. 
Surgical excision of the necrotic area can be considered. 
However, a tension-free secondary closure may not be 
achievable following debridement, and soft tissue re- 
construction may be required. Following surgical de- 
bridement, superficial lesions greater than 3 cm may re- 
quire skin grafting or fasciocutaneous flap coverage 
(Figs. 23.5 and 23.6). Skin graft coverage, however, re- 
quires a period of immobilization to promote vascular 
ingrowth. Skin grafts provide coverage when wound 
healing by secondary intention is not suitable.^ 

Full-thickness necrosis requires aggressive surgical 
management. Debridement of full-thickness lesions can 
leave the prosthesis exposed. Loss of the protective soft 
tissues over implants leads to catastrophic results in- 
cluding infection and prosthetic failure. Muscle flap 
reconstruction and split-thickness skin grafting can be 
used to provide soft tissue coverage. Available mus- 
cles for flap reconstruction are local rotational flaps, such 
as the medial or lateral heads of the gastrocnemius mus- 
cle, or free vascular flaps from a distant site, such as 
the latissimus dorsi or rectus abdominis. The most 
commonly preferred muscle used for flap coverage of 
the knee is the medial gastrocnemius. The medial 
gastrocnemius muscle is versatile and has a large arc of 
rotation for coverage of soft tissue defects about the 
knee and proximal leg.^^’^^ Also, it can provide cover- 
age for the patella and proximal tibia where the inci- 
dence of skin necrosis is the greatest. The lateral gas- 
trocnemius muscle has a shorter rotational arc and is 
best for coverage of soft tissue defects of the lateral as- 
pect of the knee.^^ Free flaps are best suited for mas- 
sive soft tissue defects. Muscle flaps can also be done 
prophylactically for patients with adherent skin and scar- 
ring secondary to prior surgery. Muscle flaps following 
total knee arthroplasty have a greater chance for suc- 
cess when performed for wound dehiscence and necro- 
sis in the early postoperative period or for prophylaxis.^^ 
The disadvantages of gastrocnemius muscle flap recon- 
struction are largely cosmetic, including the bulk of the 
flap and donor-site defect.^ In addition, typically a period 
of restricted knee motion is required for flap viability. 

Muscle flaps and skin grafts that show signs of com- 
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promise can be treated with hyperbaric oxygen. Hy- 
perbaric oxygen therapy (HBOT) involves intermittent 
breathing of 100% oxygen in a pressure chamber of el- 
evated atmospheric pressure. Oxygen is a necessary 
requirement for wound healing. Hyperbaric oxygen 
raises the tissue tension of oxygen. It promotes phases 
of wound healing including collagen synthesis, matrix 
deposition, angiogenesis, and epithelialization.^^’^^’^^ 
Hyperbaric oxygen has additional bactericidal effects for 
wounds such as direct killing of certain anaerobes and 
restoring of neutrophil-mediated bacterial killing in pre- 
viously hypoxic tissues. The Hyperbaric Oxygen 
Therapy Committee of the Undersea and Hyperbaric 
Medical Society regulates the guidelines for hyperbaric 
oxygen treatment. The approved indications for 
HBOT include the enhancement of healing in selected 
wound problems and compromised skin grafts and 
flaps. Hyperbaric oxygen therapy is beneficial when 
there is a known decrease in the microcirculation or hy- 
poxia. It will not heal normal wounds more rapidly. 
Disadvantages of hyperbaric oxygen use include the lim- 
ited number of pressure chambers available and cost. 
Common pitfalls of its use include temporary ocular side 
effects, barotrauma of the middle ear, and oxygen tox- 
icity. 

Another option for the prevention of wound com- 
plications following total knee arthroplasty is tissue ex- 
pansion. Scarring from prior trauma or surgery can 
interrupt the cutaneous vasculature and predispose to 
ischemia. In addition to being poorly vascularized, the 
skin and underlying soft tissues may become thin, con- 
tracted, or adherent to underlying bone. Knees with se- 
vere angular deformity in combination with scarred im- 
mobile skin may also be at risk for insufficient skin 
coverage following correction of the deformity.^^ To 
prevent wound dehiscence or necrosis, prophylactic use 
of tissue expanders can increase the volume of skin for 
subsequent closure. Tissue expansion devices are 
inserted subcutaneously and are placed in an area of 
good-quality skin that is adjacent to the scar.^^ The 
balloon-like expansion device is gradually inflated in an 
outpatient setting with serial injections of sterile saline 
until the desired amount of expansion is achieved. As 
the device expands, the skin stretches and increases its 
volume. In addition to the wound closure, sufficient ex- 
pansion may allow excision of the scarred area during 
the second-stage knee reconstruction procedure. Tissue 
expansion can also be used in preparation for flap cov- 
erage. Tissue expanders have been used successfully 
prior to primary and revision total knee arthroplasty.^^ 
However, the potential complications of tissue expan- 
sion are numerous, but appear to be related to the 
anatomic site expanded. To reduce complications asso- 
ciated with the use of the devices, it is recommended 
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that expanders be placed underneath areas of healthy- 
appearing tissue and that the expansion process occur 
slowly and gradually. 

Avoiding the pitfalls of wound-related complications 
after total knee arthroplasty begins with a careful pre- 
operative history to identify risk factors. Where possi- 
ble, the condition of underlying medical problems should 
be optimized. In addition, the physical examination 
should include an evaluation of the peripheral circula- 
tion and an assessment of any preexisting scars. Intra- 
operatively, optimal choice of the skin incision preserves 
the blood supply to the skin and subcutaneous tissues. 
Gentle soft tissue handling, meticulous hemostasis, and 
tension-free wound closure can protect the vascularity 
and integrity of the soft tissue envelope. Lastly, prompt 
management of persistent drainage or soft tissue necro- 
sis postoperatively will reduce the incidence of infection, 
exposure of the prosthesis, and subsequent failure of the 
knee reconstructive procedure. 

THROMBOEMBOLISM 

Without prophylaxis, the reported incidence of deep ve- 
nous thrombosis (DVT) following total knee replacement 
is 40% to 88%.^^“^^ Most thrombi occur in the calf 
veins, with 85% to 90% found distal to the trifurcation 
of the popliteal vein.^^ The majority of calf thrombi are 
small, measuring less than 3 cm in length. Small clots 
in the calf may resolve without symptoms. How- 
ever, up to 30% of calf thrombi may propagate to prox- 
imal veins, leading to symptomatic DVT and pulmonary 
emboli. In addition, patients who have bilateral total 
knee replacement procedures under one operative set- 
ting are at high risk for developing DVT."^^’^^ Also, DVT 
can occur solely in nonoperated legs in 10% to 15% of 
patients. The development of DVT in both the oper- 
ated and nonoperated lower extremities reportedly oc- 
curs in 3% to 15% of patients. 

In contrast to total hip arthroplasty, the incidence of 
proximal vein thrombosis following total knee replace- 
ment procedures occurs less frequently. Thrombus lo- 
cated proximally in the popliteal, femoral, and pelvic 
veins is at higher risk of embolism compared to throm- 
bus located distally in calf veins. Femoropopliteal 
thrombosis is noted in 10% to 15% of patients after to- 
tal knee reconstruction. Proximal thromboses in the 
total knee patients are typically continuous extensions 
of preexisting calf thrombi. Segmental thrombi are 
not commonly seen following total knee arthroplasty. 
Calf thrombi, measuring greater than 5 to 6 cm in 
length, are at risk for proximal extension and em- 
bolization."^^ 

Deep venous thrombi can resolve without clinical se- 



quelae. However, the significance of DVT is the sub- 
sequent development of pulmonary embolism, which is 
potentially life threatening. As with proximal DVT, pa- 
tients with calf thrombi are also at risk for symptomatic 
and asymptomatic pulmonary embolism. Asymp- 
tomatic pulmonary embolism occurs in 7% to 17% of 
patients as detected by abnormal ventilation-perfusion 
scans. The incidence is likely underestimated, as 
the diagnosis is frequently missed due to the lack of 
symptoms or attribution of symptoms to other cardiac 
and pulmonary problems. Symptomatic pulmonary em- 
bolism is seen less frequently, with an incidence of 0.5% 
to 3%."^^’^^ Fatal pulmonary embolism, one of the most 
dreaded complications of total knee arthroplasty, re- 
portedly occurs in less than 1% to 2% of patients with- 
out the use of pharmaceutical prophylaxis. Fatal 
pulmonary emboli can occur weeks to months follow- 
ing total knee replacement."^^ The late occurrence of 
pulmonary embolism may be related to proximal mi- 
gration of calf thrombi. 

The etiology of DVT is multifactorial. Virchow’s triad, 
consisting of stasis, hypercoagulability, and endothelial 
injury, is the basis for understanding the development 
of deep venous thromboses. All three elements of 
Virchow’s triad can occur following total knee arthro- 
plasty. Hypercoagulability likely occurs as a result of in- 
tramedullary canal instrumentation.^^ It is believed that 
embolized fat and other marrow contents can activate 
the endogenous clotting cascade. 

Another factor contributing to the development of 
thrombi is venous stasis. Stasis and congestion may oc- 
cur as a result of kinking of blood vessels during knee 
hyperflexion while performing the arthroplasty proce- 
dure."^^ Venous stasis can occur due to the application 
of a tourniquet. However, there are conflicting reports 
regarding the detrimental effects of the tourniquet. 
Tourniquet release is associated with the stimulation of 
fibrinolytic factors that may offset the effects created by 
stasis. Also, relative immobility due to limited am- 
bulation in the postoperative period can lead to the oc- 
currence of DVT in both the operated and nonoperated 
legs."^^ Endothelial cell damage leads clot formation by 
causing platelet aggregation and activation. The blood 
coagulation cascade is also initiated by damage to the 
endothelial lining of blood vessel walls. Use of the 
tourniquet and knee manipulation can cause endothe- 
lial cell damage, leading to the formation of deep throm- 
boses.^^ 

In addition to Virchow’s triad, there are intrinsic and 
extrinsic risk factors for the development of thrombi. In- 
trinsic factors include prior history of deep venous throm- 
bosis or pulmonary embolism, malignancy, cardiovascu- 
lar disease, major medical illness, and age greater than 
40 47,50 Extrinsic factors involve prolonged immobility. 
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paralysis, major trauma, and major surgery.^^’^^ Major 
knee surgery is a risk factor for the development of DVT. 

The administration of regional anesthesia, specifically 
continuous epidural anesthesia, reportedly reduces the 
occurrence of DVT.^^ Epidural anesthesia has a sym- 
pathetic effect, which increases venous blood flow and 
returns blood to the central circulation system. The anes- 
thetic may also have a direct effect on the vascular en- 
dothelium, causing an increase in fibinolysis and a de- 
crease in platelet adhesion. Regional anesthesia 
appears to selectively reduce thrombus formation in calf 
veins. 

The clinical presentation of DVT varies. Many 
times there are no signs or symptoms. Symptoms, when 
present, can included calf pain, swelling, febrile illness, 
and skin discoloration."^^ Swelling and calf pain, how- 
ever, can be seen following knee surgery and these find- 
ings are not specific for making the diagnosis of DVT. 
The accuracy of clinical diagnosis for DVT in hospital- 
ized patients varies from 14% to 50%."^^ Certain tests 
can aid in the diagnosis of DVT when they are corre- 
lated with the clinical presentation. Diagnostic tests 
for DVT include duplex ultrasound and venography. 
Doppler ultrasound has excellent sensitivity in the de- 
tection of DVT.^^ Ultrasound has the additional advan- 
tage of being noninvasive. Venography is considered the 
gold standard for diagnosis DVT."^^ However, this study 
is invasive and is associated with numerous complica- 
tions. 

Postphlebitic syndrome is a potential complication of 
DVT.^^’"^^ High intravenous pressure in the superficial 
venous system occurs secondary to outflow obstruction, 
narrow recanalization of thrombosed veins, or valve de- 
struction.^^ The consequences of this increased pressure 
can include lower swelling, edema, induration, pigmen- 
tation, and possible skin ulceration. This syndrome 
can occur even months to years after the development 
of DVT.38 

The majority of DVTs attributed to performing total 
knee replacement procedures form during the intraop- 
erative or immediate postoperative period."^^ Prevention 
is the best solution for the problem of thromboembolic 
disease. The goal of treatment is to prevent clot em- 
bolization, which can lead to fatal pulmonary embolism. 
In addition, prophylaxis reduces the risks of developing 
complications of DVT or pulmonary emboli such as 
postphlebitic syndrome and pulmonary hypertension, 
respectively. Anticoagulants and mechanical devices, 
used in combination, are popularly employed for DVT 
prophylaxis. The prophylactic regimen can be adjusted 
to meet the individual needs of patients. 

For pharmacologic prophylaxis of DVT following to- 
tal knee replacement, the most commonly used antico- 
agulants are warfarin, aspirin, and low molecular weight 
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heparin. Warfarin or Coumadin is taken orally. It in- 
hibits the synthesis of active vitamin K-dependent co- 
agulation factors and anticoagulation proteins. War- 
farin may limit clot propagation and embolization, but 
it does not appear to consistently decrease the incidence 
of DVT in total knee patients. Therapeutic antico- 
agulation typically occurs 24 to 72 hours after admin- 
istration."^^ There is a need to monitor the prothrom- 
bin (PT) time. The dose is adjusted to maintain the PT 
between 1.3 and 1.5 times control and the international 
normalized ratio (INR) between 2.0 and 2.5.^^’"^^ 
Coumadin can be started on the night of surgery or the 
night before. The major pitfalls of warfarin use are the 
risks of bleeding complications and skin necrosis. 

Aspirin can also be used for pharmacologic DVT pro- 
phylaxis.^^ It inhibits the enzyme cyclooxygenase in 
platelets, which leads to the inhibition of the synthesis 
of thromboxane-2. The overall result is decreased 
platelet adhesiveness. Aspirin is usually taken, 325 to 
650 mg twice daily by mouth. Aspirin gained popu- 
larity following early reports of the low incidence of DVT 
in total hip replacement patients."^^ Subsequently, how- 
ever, the efficacy of aspirin for total joint replacement 
was questioned. In a large European study of 9,000 
randomized patients, it was found that antiplatelet 
agents including aspirin reduced both DVT and fatal pul- 
monary embolism. The study advocates use of an- 
tiplatelet medication for elective orthopedic cases. As- 
pirin may also be efficacious when used in combination 
with mechanical devices. The advantages of aspirin 
for prophylaxis include low cost and ease of adminis- 
tration. Pitfalls of its use include dose-related gastric 
complications, including gastritis and ulcer formation."^^ 

Low molecular weight heparin (LMWH) is an anti- 
coagulant that can be used for DVT prophylaxis after 
total knee reconstruction. LMWH is fractionated 
heparin that effectively binds antithrombin III, inactivat- 
ing factor Xa.^^ A fixed dose is initially administered 
subcutaneously 12 to 24 hours following the total knee 
arthroplasty procedure, and then every 12 hours. 
LMWH is typically continued for 2 weeks postopera- 
tively. Unlike heparin, routine monitoring with labora- 
tory tests is not required. Lovenox (enoxaparin) is the 
most popular brand name available. With enoxaparin, 
the incidence of DVT has been reported to range from 
17% to 25% when administered twice daily. There 
are several pitfalls of LMWH including high cost com- 
pared to other anticoagulants and the need for self- 
injection following hospital discharge. In addition, ma- 
jor bleeding complications occur in 0% to 2.8% of pa- 
tients. Postoperative wound drainage may be slightly 
prolonged with LMWH use. 

Intermittent pneumatic compression appears to be 
the best modality for prophylaxis to prevent DVT fol- 
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lowing total knee arthroplasty. When used alone, se- 
quential compression boots or stockings reduced the in- 
cidence of DVT to 22%.^^ In addition, a metanalysis, 
conducted on 25 studies found in an English literature 
search, compared several prophylactic regimens. 
Pneumatic devices had the lowest DVT rate of 18%, fol- 
lowed by LMWH, warfarin, and aspirin. Intermittent 
compression devices are available in calf or thigh 
lengths. Pneumatic devices are believed to reduce ve- 
nous stasis by periodically raising venous pressure, ac- 
celerating the emptying of the venous system, and in- 
creasing fibrinolytic activity. Pulsatile pneumatic plantar 
devices or foot pumps are also available. Foot 
pumps reduce venous stasis similar to sequential leg de- 
vices. In addition, the devices cause the forceful ejection 
of blood from the plantar venous plexus into the 
femoropopliteal veins. 

Pneumatic compression devices can be applied to the 
contralateral nonoperated leg, which is also at risk for 
developing DVT. For the operated limb, use of calf 
length boots or foot pumps avoids coverage of the knee. 
The mechanical devices are typically removed once the 
patient is independently ambulatory."^^ The advantages 
of mechanical devices use include relatively low cost and 
complication risk. However, a potential disadvantage is 
lack of compliance with wearing the device. Sequen- 
tial compression devices should be avoided when sig- 
nificant peripheral vascular disease is present. 

Graduated compression stockings, CPM machines, 
and early mobilization can be used in the prevention of 
DVT. However, they are not highly effective when used 
alone for prophylaxis in patients undergoing total knee 
arthroplasty.^^ Also, routine screening for DVT with du- 
plex ultrasound or venography can be done prior to hos- 
pital discharge. However, this may be cost prohibitive 
for routine use. 

Treatment of DVT is dependent on the location of 
the lesion. Distal calf thrombi are typically treated with 
Coumadin for anticoagulation to prevent the clot from 
propagating to proximal veins. If anticoagulation is not 
used, follow-up duplex ultrasonography should be per- 
formed to detect possible proximal migration. 

The presence of large proximal thrombi or sympto- 
matic pulmonary embolism in the early postoperative 
period requires aggressive intervention. The manage- 
ment team may include vascular surgery or pul- 
monology, depending on the institution. Intravenous 
heparin is begun until a therapeutic level of warfarin is 
achieved. Warfarin is typically recommended for 6 
weeks to 3 months for proximal thrombi and for 3 to 
6 months for pulmonary emboli. Intravenous fluid hy- 
dration, oxygen, and possible ventilation support may 
also be required in managing symptomatic pulmonary 
embolism. The major complication of heparin and war- 



farin use is bleeding. Bleeding most commonly occurs 
at the operative site or gastrointestinal tract. For intra- 
venous heparin, bleeding occurs at the operative site in 
50% of patients when started within 6 days of surgery. 

Vena caval interruption devices, such as the Green- 
field filter, can prevent catastrophic embolism of a DVT 
in total joint patients. Inferior vena cava filters pre- 
vent the migration of emboli to the lungs without in- 
terrupting blood flow. Vena cava filters can be inserted 
prophylactically in patients at high risk for thromboem- 
bolism. In addition, the filters are indicated for pa- 
tients with a history of recurrent DVT or pulmonary em- 
bolism despite anticoagulation. Patients with a 
contraindication or prior complication related to anti- 
coagulation are also suitable candidates for vena caval 
interuption.'^^’'^^’^^ The filters do not have a direct ef- 
fect on thrombi and will not reduce the risk of devel- 
oping postphlebitic syndrome. Complications can oc- 
cur with insertion and use of vena cava filters, but not 
commonly. 

Pulmonary Embolism 

The signs and symptoms of pulmonary embolism are 
varied and can be nonspecific. Symptoms of pulmonary 
embolism can include dyspnea, pleuritic pain, tachyp- 
nea, tachycardia, and fever. Symptoms of DVT may 
be present. Patients in whom pulmonary embolism is 
suspected should be examined for the concomitant pres- 
ence of DVT. The diagnostic workup includes arterial 
blood gas analysis, which typically shows a low P 02 with 
an increased A-a gradient. In addition, an electrocar- 
diogram can show classic lead changes, T-wave inver- 
sion, or new-onset atrial fibrillation. Possible chest radi- 
ograph findings include wedge-shaped infarct shadows, 
atelectasis, reduced lung volumes, or small pleural effu- 
sions.^^ Ventilation perfusion scintigraphy (V/Q scan) 
is noninvasive and can assist in detecting pulmonary em- 
bolism. However, VQ scans are sensitive but not spe- 
cific for the presence of pulmonary emboli. Lastly, pul- 
monary arteriography is the most accurate for in 
detecting pulmonary emboli. Arteriography is invasive 
and associated with potential complications. Fatal pul- 
monary embolism is associated with more than 75% oc- 
clusion of the pulmonary arterial circulation.^^ 

PERIPROSTHETIC FRACTURES 
Femur Fractures 

The most common periprosthetic fracture is the supra- 
condylar femur fracture. A periprosthetic supracondylar 
fracture occurs within 15 cm of the joint line or within 
5 cm of the proximal extent of the intramedullary 
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femoral component. The incidence of supracondylar 
fracture after total knee replacement ranges from 0.3% 
to 2.5%.^^ Fractures can occur intraoperatively or post- 
operatively. 

Trauma is the most common cause of supracondylar 
fractures following total knee arthroplasty.^^ Fractures 
can occur with low-energy trauma such as a simple fall, 
particularly in those patients with predisposing risk fac- 
tors. Most patients who sustain these fractures are el- 
derly, with a female to male predominance of 4:1.^^ 
Less commonly, periprosthetic fractures of the femur 
occur as a result of major trauma such as motor vehi- 
cle accidents. 

Multiple predisposing risk factors for periprosthetic 
supracondylar femur fractures are identified. Predispos- 
ing risk factors include conditions that result in osteo- 
penia such as senility, disuse, or medication-induced os- 
teoporosis.^^ Patients with rheumatoid arthritis may be 
at risk for periprosthetic fractures because of osteope- 
nia secondary to the use of chronic steroid medication. 
Flowever, rheumatoid arthritis itself may be a predis- 
posing risk factor and is associated with periprosthetic 
fractures. Additional predisposing factors include 
arthrofibrosis, bone defects, certain neurologic condi- 
tions, notching of the anterior femoral cortex, and re- 
vision arthroplasty in conjunction with distal femoral 
bone loss or constrained implants. 

Several neurologic conditions are associated with 




Figure 23.7. Supracondylar fracture occurred 4 years post- 
operation in a 72-year-old woman following a fall. 
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periprosthetic fractures such as seizure disorder, Parkin- 
son’s disease, myasthenia gravis, polio, and cerebral 
palsy. Fractures in these neurologic patients may be 
attributed to gait disturbance or medication-induced os- 
teoporosis.^^ 

Arthrofibrosis after total knee replacement is identi- 
fied as a predisposing factor to periprosthetic fracture. 
The mechanism associated with occurrence of fractures 
in these patients is increased stress in the distal femur 
metaphysis.^^’^^ Fractures can occur in patients with 
stiff knees most commonly as an intraoperative com- 
plication of manipulation. 

The association between notching of the anterior as- 
pect of the distal femur during total knee replacement 
and subsequent supracondylar fracture is debated in the 
literature (Figs. 23.7 and 23.8). Several reports associ- 
ate breeches of the anterior femoral cortex with peripros- 
thetic fractures. It is postulated that notching the ante- 
rior femoral cortex interrupts the smooth transition of 
forces from cancellous to cortical bone at the diaphy- 
seal-metaphyseal junction during weight bearing. In ad- 
dition, it is postulated that significant loss of the anterior 
cortex of the distal femur due to notching decreases the 
torsional strength of the bone.^^ Other potential con- 
tributing factors include stress shielding of bone, inade- 
quate bone remodeling, and differing elastic modulus be- 
tween the implant and the distal femoral cortical bone.^^ 




Figure 23.8. Notching of the femur usually occurs in asso- 
ciation with excessive flexion of the femoral prosthesis or 
retroversion of the component. 
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In fracture series, the incidence of notching of the an- 
terior femoral cortex is 0% to 50%, with an average of 
35%, but the fracture rate for severely notched femurs 
is 0% to 42%7^ The discrepancy in the incidence of an- 
terior femoral cortical notching and supracondylar femur 
fractures suggest that the etiology of periprosthetic frac- 
tures is likely multifactorial. While fracture may not oc- 
cur in every instance, notching of the anterior femur cor- 
tex during total knee replacement is best avoided, 
particularly in osteopenic bone.^^’^^’^^’^"^ 

Bone cysts associated with rheumatoid or degenera- 
tive arthritis located near the proximal aspect of the 
femoral flange may serve as stress risers and increase 
the risk for fracture. For fracture prevention, these 
lesions may require bone grafting and protection with a 
stemmed femoral component. Also, polyethylene wear 
can lead to osteolysis adjacent to the femoral compo- 
nent. Osteolytic defects in the distal femur can create 
stress risers that may lead to late supracondylar femur 
fracture. 

Treatment goals for managing a supracondylar frac- 
ture proximal to total knee arthroplasty include return- 
ing the patient to prefracture functional status. Func- 
tional goals can be best achieved with restoration of 
alignment, retention of prosthetic fixation, union of the 
fracture, and maintenance of adequate extensor func- 
tion and range of motion. 

Good-quality radiographs are obtained in the evalua- 
tion of fractures about a total knee replacement and are 
compared to prefracture films. Comminution, bone 
quality, displacement, alignment, and prosthetic loos- 
ening are all factors that are taken into consideration in 
the treatment decision. 

There is not an universally accepted classification sys- 
tem for periprosthetic supracondylar femur fractures. 
The Neer classification of supracondylar fractures can 
be used to describe the fracture pattern, but it does not 
take into account the status of the prosthesis. A treat- 
ment protocol for periprosthetic supracondylar fractures 
of the femur proposed by DiGioia and Rubash^^ is based 
on a modification of the Neer grading system. The pro- 
posed acceptable results of fracture treatment include 
less than 5 mm of displacement, less than 5 degrees of 
angulation in the varus-valgus plane, less than 10 de- 
grees of angulation in the anteroposterior plane, and no 
more than 1 to 2 cm of shortening. Additional ac- 
ceptable results include pain-free fracture union in less 
than 6 months and, depending on the prefracture range 
of motion, greater than 90 to 100 degrees of knee range 
of motion is maintained. 

Conservative management is proposed for secure im- 
plants associated with nondisplaced or minimally dis- 
placed fractures with less than 5 mm of displacement 
or 5 degrees of angulation. If intervention is indicated. 



alignment of the fracture and mechanical axis of the 
limb should be easily restored and maintained by closed 
reduction. Options for nonsurgical management include 
functional bracing or cast immobilization. In addition, a 
period of skeletal traction may be required prior to func- 
tional bracing. Close monitoring is required to assess 
progressive loss of alignment during fracture healing. 
Comminuted fractures that are treated nonoperatively 
are at risk for collapse and subsequent varus malalign- 
ment. Even for stable, nondisplaced fractures, the exis- 
tence of prefracture malalignment, osteolysis, and poly- 
ethylene wear may necessitate revision or partial 
revision as part of the fracture management to prevent 
subsequent failure. 

An advantage of nonoperative management appears 
to be the ability to achieve good results with stable nondis- 
placed fractures. Statistical analysis of published studies 
of ipsilateral supracondylar femur fractures reveals that 
83% of nondisplaced fractures treated nonoperatively 
have satisfactory outcomes. However, the pitfalls of 
traction include the development of decubitus ulcerations, 
DVTs, and other complications linked with recumbency, 
especially in elderly patients. Other complications of non- 
operative management including immobilization are lim- 
ited knee motion, malunion, and nonunion. Malunion 
may result in late prosthetic loosening. For patients who 
have poor arthroplasty outcomes as a result of nonop- 
erative periprosthetic fracture management, revision 
arthroplasty often yields satisfactory results.^^ However, 
the advantages of immediate surgical treatment of the 
fracture must be weighed against delayed surgery to man- 
age the complications of nonoperative fracture treat- 
ment. Delayed surgical treatment is an option for pa- 
tients who are not medically stable. 

Surgical intervention is recommended when satisfac- 
tory alignment cannot be achieved or maintained by 
closed reduction or if there is radiographic evidence of 
prosthetic loosening. Proponents of internal fixation be- 
lieve that surgical treatment provides the best restora- 
tion of mechanical alignment of the limb, permits early 
mobilization, and may maximize healing potential in a 
region where blood supply is already compromised. 
When rigid fixation is achieved, internal fixation can 
optimize the patient’s return to prefracture functional 
status. 

In most cases, surgical intervention is elective and the 
timing of the procedure should allow for thorough pre- 
operative medical evaluation of the patient. Underlying 
medical conditions that may have contributed to the pa- 
tient’s fall such as cardiac arrhythmia or electrolyte im- 
balance should be identified and addressed. In addition, 
the failure to recognize remote sites of infection and 
nutritional deficiencies may adversely affect surgical 
outcome. 
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Surgery can be challenging in the treatment of 
periprosthetic supracondylar femur fractures, especially 
in the presence of osteopenia, comminution, and in- 
tercondylar extension of the fracture. Operative man- 
agement typically includes open reduction and internal 
fixation, revision arthroplasty, or a combination of both. 
Bone grafting may also be required. Surgical planning 
includes having the instruments available as well as the 
implants for both standard fracture management and 
long-stem revision total knee replacement. Revision 
knee replacement may become necessary if stable in- 
ternal fixation of the fracture cannot be obtained or if 
previously unrecognized loosening of the implant is dis- 
covered intraoperatively. Bone grafting may also be re- 
quired to optimize the change for healing. 

The choices of internal fixation devices are numer- 
ous. Condylar buttress plates, supracondylar blade 
plates, supracondylar compression screws and side 
plates, and intramedullary nails have been used in the 
management of periprosthetic supracondylar femur frac- 
tures.^^ Screw and side plate fixation works best when 
there is minimal comminution of the distal fragment and 
for more proximal fractures. The technique for using 
the lateral plate and screws is exacting. 

The condylar buttress plate is preferable when there 
is comminution of the distal fragment, because it allows 
the use of multiple screws to fix the distal fragment. It 
is more versatile than the blade plate/condylar com- 
pression screw, which provides a single point of fixa- 
tion in the distal fragment. The buttress plate may be 
beneficial for patients who have osteopenia of the dis- 
tal femur and comminution of the fracture extending 
into the intercondylar region. 

With surgical management, care must be taken to 
avoid excessive soft tissue dissection, especially medi- 
ally, which may disrupt the blood supply. Indirect re- 
duction techniques minimize soft tissue stripping. A 
femoral distractor or external fixator applied temporar- 
ily may be useful to apply distraction to achieve an in- 
direct reduction. 

Using the anterior midline approach that incorpo- 
rates the previous total knee scar is recommended.^^ 
Extending the midline incision laterally and proximally 
and continuing in the midline off the tibial crest distally 
can provide additional exposure. If indicated, the ante- 
rior incision also allows for dual plating and for revision 
arthroplasty. A midline approach also provides visual- 
ization of the distal femur in the medial-lateral plane, 
which is helpful in correcting varus malalignment of the 
supracondylar fracture. 

Another option in the treatment of supracondylar fe- 
mur fractures is a lateral incision. The straight lateral 
approach exposes the lateral cortex of the femur for 
hardware placement. This approach avoids violation of 



the knee joint. However, for those knees with pre- 
existing anterior scars, a lateral approach can poten- 
tially cause skin bridge necrosis. The soft tissue blood 
supply is at risk, especially in the region of the tibial tu- 
bercle. 

Internal fixation with an intramedullary rod inserted 
in a retrograde manner through the knee joint has been 
used successfully to treat supracondylar fractures above 
knee replacements. The rods are designed to al- 
low the placement of locking transverse screws proxi- 
mal and distal to the fracture site. The intramedullary 
canal is accessed through the intercondylar notch of the 
femoral prosthesis. 

The potential advantages of supracondylar intra- 
medullary rods are numerous. Intramedullary nails have 
relative simplicity of instrumentation and surgical tech- 
nique compared to lateral plate and screw fixation. In- 
tramedullary fixation is also biomechanically stronger 
and less prone to failure than is lateral plate fixation, 
which has higher bending moments. In addition, in- 
tramedullary rods are load-sharing devices that may have 
an advantage, particularly in treating these patients who 
typically have osteopenia of the distal femoral metaph- 
ysis with poor cortical bone quality. With intramedullary 
nails, fixation can be achieved without directly exposing 
the fracture site, disrupting the fracture hematoma, or 
stripping the soft tissues. The exposure for rod place- 
ment allows for assessment and revision of the pros- 
thetic implants. With rigid fixation, early range of mo- 
tion of the knee can be allowed. Postoperatively, 
functional bracing and partial weight bearing supple- 
ment the treatment protocol. Good short-term clinical 
results are reported with the use of supracondylar in- 
tramedullary rods; however, these results are based on 
a small series of patients. Long-term results have 
not been reported. 

A potential pitfall of retrograde nailing is lack of ac- 
cess to the intramedullary canal due to the design of the 
femoral component. A minimum intercondylar distance 
of 12 mm is required for retrograde insertion of an in- 
tramedullary rod. In addition to published intercondylar 
distances for commonly used prostheses, the distance 
can also be obtained from the manufacturer of the im- 
plant. High-speed burrs can be used to make minor 
adjustments such as widening the intercondylar opening 
or shortening rods. However, femoral components with 
closed housings or long stems are not amenable to ret- 
rograde intramedullary nailing. In addition, exposure of 
the prosthesis during placement of the rod potentially 
risks the development of an infection. Other possible 
complications include rod migration into the knee joint, 
femoral shortening, arthrofibrosis, and nonunion. 

Additional fracture fixation options include the use of 
antegrade intramedullary nails. However, adequate bone 
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stock distal to the fracture is required to allow for two 
screws to be placed in the distal fragmentJ^ Antegrade 
intramedullary nails are best suited for more proximal 
fractures. Also, rush rods are available for fracture fix- 
ation in certain situations. Rush condylar rods can be 
inserted through the medial and lateral epicondyles of 
the distal femoral. The treatment protocol typically in- 
cludes the use of a knee immobilizer and protected 
weight bearing until fracture healing occurs. 

Also, external fixators have been described in the 
treatment of periprosthetic femur fractures, with suc- 
cessful results. However, the use of external fixation 
is precluded for supracondylar femur fractures because 
of the need to cross the knee joint and to place pins 
near the prosthetic implant. Furthermore, the prosthe- 
sis is potentially exposed to infection secondary to pin- 
site infection.^^ 

Revision total knee replacement using a long-stem 
femoral component is recommended for patients who 
have loosening of the femoral component associated 
with supracondylar femur fracture or extension of the 
fracture to the prosthetic interface. In addition, revision 
arthroplasty may be required in cases where acceptable 
alignment and joint motion cannot be obtained by other 
methods. A success rate of 93% has been reported with 
revision arthroplasty.^^ 

During revision total knee replacement for the man- 
agement of supracondylar fractures, it is recommended 
that the collateral ligaments be retained and cement ex- 
trusion into the fracture site be avoided. Most revisions 
are amenable to the use of press-fit implants. Distal 
femoral allograft and a revision femoral component with 
intramedullary stems may be required for the manage- 
ment of difficult fractures associated with intercondylar 
extension, severe comminution, or bone deficiency. Re- 
construction with large-segment allografts and long-stem 
femoral components may also be useful for salvage 
when previous attempts at fracture stabilization with 
conventional methods fail.^^ 

Overall, the pitfalls of treatment of periprosthetic 
supracondylar femur fractures are malalignment, mal- 
union, arthrofibrosis, nonunion, and infection. Hard- 
ware failure and infection may also complicate surgical 
management. The treatment decision is based on nu- 
merous local and systemic factors including the pres- 
ence of displacement, comminution, osteopenia, bone 
deficiency, and prosthetic loosening. The prefracture 
status of the implant and surgical candidacy of the pa- 
tient are also important. A satisfactory outcome can be 
accomplished when care is taken to select the appro- 
priate method of treatment for the individual patient. 

In addition to supracondylar fractures, fractures of the 
proximal femur and femoral shaft can also occur as a 
result of total knee replacement procedures. Fractures 



of the femoral neck may be caused by forceful femoral 
component compaction. Femoral neck fractures 
are typically seen in osteopenic bone and are likely to 
be discovered postoperatively when weight bearing is 
attempted. Fractures of the femoral shaft are seen in 
association with intramedullary instrumentation and 
stemmed femoral component use.^^’^^ Osteopenia, de- 
formity of the femoral shaft, and narrow canal width 
canal may be contributing factors. Fracture treat- 
ment may include internal fixation techniques, and bone 
grafting, if necessary. Also, in the distal femure, condy- 
lar fractures can occur. However, these fractures are 
typically seen in association with the preparation of a 
box-shaped cut in the distal femur intercondylar region, 
to accommodate certain posterior stabilized femoral de- 
signs. Internal fixation with a lag screw may be suffi- 
cient for fracture stabilization. 

Tibia Fractures 

Periprosthetic fractures of the tibia occur infrequently. 
In contrast with periprosthetic supracondylar femur frac- 
tures, there are relatively few reports of tibia fractures 
in the literature. The majority of tibia fractures occur in 
the tibial plateau and adjacent to the prosthetic tibial 
stem in the proximal metaphysis or diaphysis. Less fre- 
quently, fractures occur in the tibia shaft distal to the 
prosthetic stem or involve the tibia tubercle. Predis- 
posing risk factors for tibia fractures include osteoporo- 
sis and component malposition. Fractures can also oc- 
cur following the use of hinged prostheses and tibial 
tubercle osteotomies.^^ 

Important variables for the management of peripros- 
thetic tibia fractures include fracture displacement, 
anatomic location, prosthetic fixation, and bone qual- 
ity. The goal of treatment is the maintenance of ap- 
propriate limb alignment and knee motion. An impor- 
tant factor in determining appropriate treatment is the 
status of the prosthetic fixation. Generally, fractures as- 
sociated with a loose prosthesis will require revision 
arthroplasty as part of fracture management. Also, the 
basic principles of fracture management are applicable. 
Methods of internal fixation include cancellous screws, 
plate with screws, or intramedullary fixation with long- 
stem revision components. In some cases, bypassing the 
fracture site with a long-stem tibial component can pro- 
vide fracture stabilization. 

Fractures of the tibia can occur intraoperatively or 
postoperatively. Intraoperative fractures can occur at all 
stages of a primary or revision arthroplasty procedure. 
Fractures of the tibial metaphysis are typically vertical 
and can occur during impaction of the tibial compo- 
nent.^^ Fractures can also occur secondary to impinge- 
ment of prosthetic stems. Treatment options include 
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cancellous screw fixation. Cement fixation of the im- 
plant can also be done to protect the fracture. Dia- 
physeal fractures cause by stem impingement may not 
disrupt the periosteum. However, these fractures are 
subject to displacement and angulation with weight bear- 
ing. Patellar tendon-bearing functional braces may 
be useful for management and permit early weight 
bearing. 

Postoperative tibia fractures can occur as a result of 
trauma, including minor trauma such as a simple fall. 
Fractures of the tibia plateau, however, may not be as- 
sociated with trauma. Stress fractures of the medial tibia 
plateau occur most frequently in knees with varus mal- 
alignment and tilting of the anterior tibial component. 

Tibia plateau fractures are typically of the depression 
or split type.^^ Nondisplaced fractures with acceptable 
alignment and stable implant fixation are amenable to 
closed treatment. Functional bracing, cast immobiliza- 
tion, and protective weight bearing are among the treat- 
ment options. In the presence of a stable implant, dis- 
placed fractures may be treated with standard internal 
fixation techniques. Tibial plateau fractures associated 
with a loose prosthesis require revision arthroplasty in 
addition to the possible need for fracture fixation. 

Tibia fractures of the metaphysis or proximal diaph- 
ysis adjacent to prosthetic stems can also occur. The 
presence of a constrained or long-stem prosthesis may 
affect the fracture location. For loose prostheses, open 
reduction and internal fixation as well as revision arthro- 
plasty with long-stem tibial components may be indi- 
cated. Patients with medial stress fractures associated 
with varus alignment are also candidates for revision 
arthroplasty. Depressed areas of the plateau can be ad- 
dressed with bone grafting and wedge augmentation of 
the tibial component. Reconstruction with allograft pros- 
thetic composites may be useful when there is exten- 
sive tibial osteolysis. 

Fractures of the tibia shaft, occurring distal to the 
prostheses, rarely involve loosening and have the best 
prognosis for long-term survival of the knee prosthe- 
sis.^^ Also, avulsion fractures of the tibia tubercle can 
occur secondary to trauma. Nondisplaced fractures can 
be treated nonoperatively. Avulsion fractures are rarely 
seen in conjunction with prosthetic loosening. Displaced 
fractures are best treated with open reduction and in- 
ternal fixation. Following tibia tubercle osteotomy, avul- 
sions of the osteotomized fragment can occur due to 
fixation failure, especially when there is poor bone.^^ 
In addition to avulsions, the extended tibia tubercle os- 
teotomy can weaken the upper tibia, predisposing it to 
fracture. 

The general principles for the management of peri- 
prosthetic tibia fractures are similar to those described 
for periprosthetic supracondylar femur fractures. Frac- 
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tures occurring in association with secure implants may 
be treated with standard fracture care. However, those 
fractures associated with prosthetic loosening require re- 
vision arthroplasty in addition to fracture treatment. 

ARTHROFIBROSIS 

The development of a flexion or extension contracture 
after total knee arthroplasty is a potentially debilitating 
complication. In addition to problems with range of mo- 
tion, there is usually pain. A stiff knee after total knee 
replacement is defined as having a total range of mo- 
tion of less than 50 degrees or a contracture of more 
than 20 degrees. Severe arthrofibrosis is associated 
with the formation of excessive scar tissue and intraar- 
ticular adhesions with obliteration of the suprapatellar 
pouch and contracture of the extensor mechanism. 

The incidence of stiffness following total knee arthro- 
plasty is unknown. Fibrous ankylosis, a severe form of 
arthrofibrosis, is defined as 0 degree of motion. The in- 
cidence of this rare complication after total knee re- 
placement is reported to be 0.1% to 0.3%.^^ 

Range of motion and functional status are interde- 
pendent. A minimum of 90 degrees of flexion is re- 
quired for daily activities. Ninety degrees of motion or 
greater is necessary to descend stairs and 105 degrees 
are needed to easily get out of a chair.^^ For patients 
with bilateral knee involvement, flexion of more than 
90 degrees is needed in at least one knee.^^ In addi- 
tion, a fixed flexion contracture can lead to gait distur- 
bance, with early fatigue occurring as a result of in- 
creased energy expenditure.^^ 

Knee stiffness in the immediate postoperative period 
is not considered pathologic. Not uncommonly, stiffness 
subsides 6 to 8 weeks following total knee reconstruc- 
tion.^^ Knee range of motion then steadily improves 
during the first 3 months. Progressive gains in motion 
can continue during the 12 months following surgery. 

The reported average range of motion following to- 
tal knee arthroplasty is 107 degrees, with a range of 95 
to 123 degrees. Balancing the soft tissues in flexion 
and extension intraoperatively improves postoperative 
range of motion. With the appropriate alignment, tis- 
sue balancing and prosthetic design flexion greater than 
120 degrees can be achieved. 

The etiology of stiffness and loss of motion following 
total knee arthroplasty is multifactorial. Postoperative 
range of motion is dependent on preoperative, intra- 
operative, and postoperative factors. Surgical technique, 
prosthetic design, patient compliance, psychological sta- 
tus, and rehabilitation play a significant role in range of 
motion achieved postoperatively. Deterioration of range 
of motion after total knee arthroplasty is associated with 
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infection, mechanical considerations secondary to com- 
ponent malposition, impending arthrofibrosis, and reflex 
sympathetic dystrophy. Late onset of stiffness following 
total knee arthroplasty may represent infection, synovi- 
tis in patients with a history of inflammatory arthritis, 
synovitis or tendinitis secondary to overuse, and pros- 
thetic loosening or breakage. 

Preoperative risk factors that may affect postopera- 
tive range of motion include the preoperative range of 
motion. Poor preoperative motion appears to predis- 
pose to problems with motion postoperatively.^^ Body 
habitus can also play a role. An obese lower extremity 
may lead to decreased flexion because of the bulk of 
posterior soft tissues. Preoperative adhesions involving 
the extensor mechanism and quadriceps contracture, if 
not adequately corrected, may also limit postoperative 
range of motion. Patients with rheumatoid arthritis have 
a greater incidence of postoperative flexion contracture 
than osteoarthritis. Motion problems are more likely 
to occur in primary compared to revision total knee 
reconstruction. 

There are numerous intraoperative factors that can 
result in the limitation of knee motion postoperatively. 
Prosthetic technique and surgical technique are signifi- 
cant in that they are under the control of the surgeon. 
For instance, overfilling the flexion gap secondary to in- 
adequate bone resection or an oversized femoral com- 
ponent can tighten the collateral ligaments, leading to 
limited flexion and postoperative pain.^^ Also, inade- 
quate resection of the patella and anterior placement of 
the femur can overfill the patellofemoral joint. This tight- 
ens the extensor mechanism and results in loss of knee 
flexion. 

Failure to restore the joint line can alter joint me- 
chanics. Lowering the joint line leads to relative tight- 
ening of the extensor mechanism and limited knee flex- 
ion. Raising the joint line potentially alters ligament 
tension, causing tightness during knee flexion greater 
than 90 degrees. Also, patella baja can occur as a re- 
sult of raising the joint line, leading to flexion restraint. 

An important cause of stiffness is inadequate release 
of capsular and ligamentous structures. In addition, a 
tight retained posterior cruciate ligament may contribute 
to the development of poor flexion and extension. In 
addition, removal of posterior osteophytes from the dis- 
tal femur improves knee flexion. Postoperative flexion 
contractures most commonly occur as a result of insuf- 
ficient posterior capsular release and bone resection. 

Achieving appropriate knee alignment is also impor- 
tant. Residual varus or valgus malalignment due to fail- 
ure to adequately release the soft tissues or improper 
placement of cutting guides may affect the range of mo- 
tion achievable postoperatively. Tilting of the compo- 
nents in the sagittal plane can adversely affect motion. 



Posterior tilting of the femoral component should be 
avoided. Additionally, anterior tilting of the tibial com- 
ponent may cause impingement of the extensor mech- 
anism or contribute to tightness of the posterior cruci- 
ate ligament in flexion. 

There are also numerous postoperative risk factors. 
The lack of preoperative education leads to unrealistic 
patient expectations. In addition, poor motivation and 
unrecognized psychiatric or psychological issues can ad- 
versely affect patient compliance with the postoperative 
rehabilitation protocol. 

The development of patellofemoral dysfunction post- 
operatively may cause pain and contribute to the devel- 
opment of stiffness secondary to disuse. Patellofemoral 
conditions may include insufficient lateral release, patella 
maltracking, asymmetric patella resection, joint line ele- 
vation, internal rotation of the femoral prosthesis, patella 
fracture, and patella component loosening. 

Postoperative preventive measures, including the use 
of a CPM machine, may help to achieve early flexion. 
For optimal effectiveness, CPM should be used early in 
the postoperative period, prior to the development of 
adhesions or fibrosis. During the first 3 postoperative 
days, decreased transcutaneous oxygen tension of the 
wound edges can occur with CPM flexion beyond 40 
degrees. However, impaired wound healing and in- 
fection as a direct result of early CPM use have not been 
demonstrated.^^ Also, excessive postoperative pain can 
lead to limitation of motion. Adequate pain control is 
recommended. In addition, to analgesic medication, 
cryotherapy can also be utilized. 

Supervised physical therapy is also essential for pre- 
venting soft tissue contracture and intraarticular adhe- 
sions. Excessive scar formation and intraarticular adhe- 
sions can lead to obliteration of the suprapatellar pouch 
causing stiffness. Overzealous and forceful passive range 
of motion by the therapist should be avoided. 

An uncommon complication following total knee 
arthroplasty with a reported incidence of 0.8% is reflex 
sympathetic dystrophy (RSD). Patients with RSD may 
complain of disproportionate pain, skin hypersensitiv- 
ity, and marked limitation of motion. Skin discoloration 
may also occur. However, RSD has varying presenta- 
tions and may exist despite lacking the full complement 
of physical findings classic of RSD.^^ Despite potential 
diagnostic challenges, it is important to recognize this 
condition. RSD may worsen with aggressive physical 
therapy, manipulation, or surgical intervention. 

Heterotopic ossification is also a rare cause of knee 
stiffness. Heterotopic ossification can be seen in 1% to 
42% of stiff knees. Few cases, however, require ex- 
cision of the heterotopic bone for management and this 
is typically done at the time of revision arthroplasty. 

In the evaluation of the stiff total knee replacement. 
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serial physical examinations to establish range of mo- 
tion and functional status are important. Radiographs 
are obtained within the first 6 weeks after knee re- 
placement and are repeated for persistent or progres- 
sive pain and stiffness. Plain films may reveal patello- 
femoral subluxation, inadequate bone resection, and 
oversized femoral components. Technetium-99 MDP 
bone scans are useful in late presentations of infection. 

A triple-phase bone scan may demonstrate increased 
uptake of one or more of the prosthetic components in 
all three phases. Bone scans, however, are typically not 
useful during the first year after total knee replacement 
when bone activity is considered normal. Arthrocente- 
sis to obtain joint fluid for culture and sensitivity is in- 
dicated for patients with a history of progressive stiff- 
ness, pain, and swelling. If the knee culture is negative 
but the clinical suspicion for infection remains high, ar- 
throscopy or arthrotomy may be required to obtain tis- 
sue for culture. 

The treatment of knee stiffness can be challenging. 
Physical therapy alone is not typically effective for range 
of motion less than 50 degrees. The use of dynamic 
splints, such as Dynasplints (Dynasplint Systems, Sev- 
erna Park, MD), or static splints, such as JAS splints 
(Joint Active Systems, Effingham, IL) may have a role 
in the early treatment. 

Manipulation in the early postoperative period is con- 
troversial and may not improve final knee flexion. Ma- 
nipulation may result in complications such as supra- 
condylar fracture of the femur, patella ligament avulsion, 
wound dehiscence, and hemarthrosis.^^ 

Arthroscopic lysis of adhesions and lateral release 
may improve range of motion. It may also reveal re- 
tained cement, loose bodies, subclinical infection, and 
prosthetic wear and loosening. Gentle closed manipu- 
lation under anesthesia can also be done in conjunction 
with arthroscopic surgery. 

For more severe stiffness or arthrofibrosis, however, 
arthroscopic management is inadequate. An arthrotomy 
and extensive soft tissue release may be required to ad- 
dress extraarticular adhesions or contracture. Fibrosis of 
the vastus intermedius, shortening of rectus femoris, ad- 
hesions of the suprapatellar pouch, fibrosis, and short- 
ening of the lateral and medial vastus expansion are as- 
sociated with severe stiffness. The surgical exposure can 
be technically challenging. Care must be taken to pre- 
vent patellar tendon avulsion from occurring during ex- 
posure of the knee. A tibial tubercle osteotomy or 
quadriceps release may be required to facilitate expo- 
sure and to protect the extensor mechanism. 

There are numerous proximal releases available includ- 
ing the quadriceps or rectus snip, modified rectus snip, 
patella turndown, V-Y quadricepsplasty, and femoral 
peel.^^^“^^^ Complications of the procedures that tran- 
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sect the quadriceps include potential extensor lag and 
weakness. Potential complications of tibial tubercle os- 
teotomy such as nonunion, tibia tubercle avulsion, tibia 
fracture, and fixation failure can occur, particularly in 
cases of deficient tibial bone stock.^^’^^ 

An important issue in correcting or improving an 
arthrofibrotic knee is the re-creation of the suprapatel- 
lar pouch. This is done through an arthrotomy and re- 
quires the excision of all fibrotic scar tissue in the supra- 
patellar pouch as well as the lateral and medial gutters. 
There may be a need to release and separate the ex- 
tensor mechanism and quadriceps from the femur, es- 
pecially in cases where calcification has occurred in 
those areas. One method of preventing this condition 
from recurring is temporary usage of silicone sheath in- 
terposition arthroplasty. A 0.2-mm sheath of silicone is 
wrapped around the femur from the joint line up to 8 
inches above the joint line. The area from 8 o’clock to 
4 o’clock is sutured to soft tissues with absorbable 
sutures. After the procedure is completed, the knee is 
gently manipulated and wound closure is performed in 
routine fashion. The postoperative course includes phys- 
iotherapy and usage of CPM. Generally 12 to 16 weeks 
postoperatively, the silicone sheath is removed through 
a small 2- to 3-cm incision in the supralateral aspect of 
the knee. Care should be exercised to remove the sheath 
in all one piece. In cases of sheath fragmentation, the 
knee should be irrigated and all pieces are suctioned out. 
In our hands, this has been an excellent alternative in 
dealing with severe cases of arthrofibrosis following to- 
tal knee arthroplasty (Fig. 23.9-23.11). 

In addition, malpositioned prosthetic components re- 
quire revision in conjunction with soft tissue release and 
lysis of adhesions. The classic technique of ligamentous 
balance with matching flexion and extension gaps should 
be followed. Additional bony resection of the distal fe- 




Figure 23.9. Silastic sheet implanted after extensive de- 
bridement and controlled manipulation. The tibial tubercle 
was detached for better exposure and complete release. 
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Figure 23.10. A and B: Twelve weeks postimplantation, the Silastic sheet was removed through a small incision all in one piece. 



mur may be needed. Also, posterior osteophytes, if pre- 
sent, require removal for optimal range of motion. The 
posterior cruciate ligament (PCL), posterior capsule, and 
gastrocnemius may require elevation to establish the 
posterior recess. The PCL can be proximally released 
from its insertion on the medial femoral condyle. It can 
also be lengthened with sequential sectioning or multi- 
ple perforations. Posterior instability occurring as a re- 




Figure 23.11. A 59-year-old woman, a known rheumatoid 
arthritis patient, with gross swelling, pain, and limitation of 
motion was not diagnosed as having a prosthetic infection for 
14 months. She was treated by her primary orthopedic sur- 
geon with physical therapy, analgesics, and antiinflammatory 
medication. 



suit of sacrificing the ligament is addressed with the use 
of a cruciate substituting design. For severe contractures, 
posterior capsule transection may also be required. 

An important pitfall of treating knee stiffness after to- 
tal knee arthroplasty is the failure to correctly establish 
the identifying cause such as referred pain from primary 
hip or spine disease, emotional or psychological distur- 
bance, RSD, or infection. 

NEUROLOGIC COMPLICATIONS 

The most common major nerve complication associated 
with total knee arthroplasty is peroneal nerve palsy. 
Complete peroneal palsy results in weakness of foot ex- 
tensors and evertors, causing a foot drop.^^^ This is typ- 
ically accompanied by sensory impairment of the an- 
terolateral leg and dorsum of the foot. The cumulative 
prevalence of peroneal nerve palsy following total knee 
reconstruction is 0.6% as reported the literature. 
However, the incidence may vary depending on the 
severity of the case mix for a given surgeon or institu- 
tion.^^ The incidence is likely higher than reported if 
partial palsies with mild motor involvement or sensory 
impairment are considered. 

The etiology of peroneal nerve palsy after total knee 
arthroplasy is multifactorial. Risk factors associated with 
peroneal nerve palsy include a preoperative valgus de- 
formity and/or flexion contracture of more than 20 de- 
grees. In addition, possible mechanisms of injury to 
the peroneal nerve include traction during surgical cor- 
rection of a severe deformity and restoration joint align- 
ment; ischemia secondary to stretching of the sur- 
rounding soft tissue, which causes small vessel occlusion; 
and direct pressure caused by a tight dressing, splint, or 
hematoma. For some patients, no identifiable cause 
can be determined. 

It is not uncommon to have a delayed presentation 
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of peroneal nerve injury following total knee recon- 
struction. Peroneal nerve palsy is most commonly di- 
agnosed within 2 days of surgery. A delay in diagno- 
sis may be related to the postoperative use of epidural 
anesthesia, which may cause prolonged sensory and mo- 
tor blockade. Late nerve compromise can also occur 
during the postoperative period with improper posi- 
tioning of the operated limb in CPM machines. In ad- 
dition, external pressure from bed rails, knee immobi- 
lizers/splints, and excessively tight dressings have been 
implicated in causing peroneal nerve palsy, especially 
for patients who continue to receive epidural anesthe- 
sia postoperatively. 

Early treatment of peroneal nerve palsy is directed 
primarily at preventing additional injury. It is recom- 
mended to remove constrictive dressings and place the 
knee in 20 to 30 degrees of flexion. These mea- 
sures may result in partial sensory or motor recovery 
when nerve injury is recognized early. Passive 

range of motion of the ankle should be performed to 
maintain ankle mobility. The use of a foot-drop splint 
or ankle-foot orthosis can prevent equinus contracture 
and assist in ambulation. 

Observation may reveal spontaneous complete or par- 
tial nerve recovery. Early surgical management is limited 
to the drainage of compressive hematomas. Electro- 
diagnostic tests should be performed for at least 3 weeks 
postoperatively and can document the extent of the 
nerve lesion. At 2 to 3 months, significant neurologic 
deficits may benefit from surgical exploration. Fol- 
lowing operative decompression, Krackow et aF^^ re- 
ported subjective improvement in five of five patients 
with peroneal palsy complicating total knee replacement. 
The decompression procedure was performed 5 to 45 
months after their index total knee arthroplasty proce- 
dures. The time to improvement for the total knee re- 
placement patients included in that series ranged from 
3 weeks to 3 months. Also, in a follow-up series of these 
patients as well as those with other causes of peroneal 
palsy, 97% of 31 patients had subjective and functional 
improvement following operative decompression. 
Surgery was performed after at least 2 months of con- 
servative management. 

Prophylactic exploration of the peroneal nerve is pro- 
posed for patients with severe fixed valgus with angu- 
lation greater than 15 degrees. Through a separate 
incision, the peroneal nerve is dissected and released of 
its soft tissue constraints prior to performing the total 
knee replacement procedure. However, previously it 
was reported that prophylactic nerve release did not con- 
sistently preventing palsy from occurring following total 
knee arthroplasty. 

The prognosis is good for partial peroneal nerve 
palsy. Patients with initial partial palsy had better 
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function compared to patients with complete palsies. 
With complete palsy, a variable amount of recovery is 
expected and full recovery is rare. Bilateral nerve palsy 
is unusual and likely occurs secondary to an occult gen- 
eralized peripheral neuropathy or underlying neurologic 
disorder. 

Preventive strategies in patients at high risk for de- 
veloping nerve injury include resection of adequate 
amounts of bone during the correction of flexion or val- 
gus deformities, to prevent excessive bowstringing of the 
peroneal nerve. In addition, tight dressings are avoided 
and knee flexion is allowed in the recovery room to pre- 
vent stretch on the peroneal nerve. There has been no 
demonstrated advantage to exploring and prophylacti- 
cally releasing the peroneal nerve at the time of total 
knee arthroplasty in high-risk patients. 

VASCULAR COMPLICATIONS 

Vascular complications following total knee arthroplasty 
are rare. Types of vascular complications associated with 
total knee replacement include arterial occlusion, arter- 
ial laceration, arterial aneurysm, and arteriovenous fis- 
tula formation. The incidence of vascular injury has 
been reported as 0.05% in primary total knee arthro- 
plasty. The incidence of vascular trauma for revision 
arthroplasty is not reported in the literature. However, 
the occurrence of vessel injury is likely higher than in 
knees that require extensive dissection in the presence 
of scar formation, contracture, and anatomic distor- 
tion. Careful surgical technique and knowledge of 
vascular anatomy can avoid the pitfall of vascular injury 
during total knee reconstruction. 

The popliteal artery is the most common vessel at 
risk for injury during total knee reconstruction proce- 
dures. Popliteal artery injuries can occur due to pen- 
etration of the posterior capsule during meniscal exci- 
sion and PCL resection. This vessel is also at risk 
during posterior capsular release procedures. In addi- 
tion, the use of saw blades, penetrating instruments, and 
excessively long screws for the fixation of allografts or 
cementless tibia components can potentially traumatize 
the neurovascular structures in the posterior knee. 

In addition to the popliteal artery, other arterial vas- 
cular structures at risk for direct trauma during total knee 
replacement procedures include the inferior medial and 
lateral geniculate arteries. Partial lacerations of arteries 
and their adjacent veins can lead to the formation of a 
false aneurysms and arteriovenous (AV) fistulas. Rare re- 
ports exist of inferior medial geniculate artery AV fis- 
tula associated with false aneurysm following total knee 
replacement. This is a potential complication of 

subperiosteal release of the medial soft tissue for liga- 
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mentous balancing. AV fistulas can be prevented by 
attention to hemostasis. False aneurysms typically 
present with a palpable mass.^^^ 

During tibial screw preparation and insertion, the 
popliteal artery, and vein, anterior tibial artery, and com- 
mon peroneal nerve are potentially vulnerable to in- 
jury. These neurovascular structures may be located 
only 3 to 8 mm from the proximal tibia plateau. To 
illustrate the relationships, key neurovascular structures 
about the proximal tibia have been compared to the face 
of a clock. 18 Rubash et aF^^ propose a clock ori- 
entation such that the lateral aspect of the knee corre- 
sponds to the 3 o’clock position and the tibial tubercle 
to the 6 o’clock position. The center of the clock is the 
center of the tibial plateau. The popliteal artery and vein 
are typically found directly posterior, between the 12 
and 1 o’clock positions. For the right knee, the 
tibial nerve lies medial to the vein, at 1 o’clock. For 
the left knee, the nerve lies at the 11 o’clock position. 

For both knees, neurovascular structures at risk are lo- 
cated from the 11 to 1 o’clock positions. 

Additionally, more distally along the proximal tibia, 
the popliteal artery bifurcates, forming anterior and pos- 
terior tibial arteries. The bifurcation occurs in the 2 
o’clock position for left knees and 10 o’clock for right 
knees. The common peroneal nerve wraps around the 
fibular head near the 3 o’clock position for the left and 
9 o’clock for the right knee. Neurovascular structures 
from 11 to 3 o’clock in left knees and 1 to 9 o’clock 
in right knees can be injured, particularly with penetra- 
tion of the tibial cortex during screw placement. 

Tourniquet release prior to wound closure depends 
on the preference of the surgeon. However, if a vascu- 
lar injury is suspected, tourniquet deflation is recom- 
mended, ideally prior to insertion of the prosthetic com- 
ponents. Popliteal artery laceration is typically readily 
recognized when the tourniquet is deflated prior to 
wound closure. When the tourniquet is deflated after 
wound closure and application of postsurgical dressings, 
monitoring blood loss and circulation can help assess 
the vascular status. An expanding popliteal mass, lack 
of return of distal pulses, and voluminous bleeding are 
indications for intraoperative arteriography and a vas- 
cular surgery consult. With prompt identification of 
vascular compromise and restoration of circulation, a 
good outcome can be expected. 

Vascular compromise is treated by the vascular sur- 
geon with direct anastomosis or grafting depending on 
the extent of vessel damage and the ability to achieve 
full knee extension. Following a vascular insult and revas- 
cularization procedure, compartment syndrome can oc- 
cur. The pitfall of direct vascular injury during total knee 
replacement is under the control of the surgeon. Ves- 
sel injury is avoided with attention to surgical technique. 



Using the scalpel blade parallel to the posterior tibia 
while pulling forward the meniscus during meniscal re- 
section can avoid penetration of the posterior structures. 
Also, care is taken during resection of the PCL, which 
lies in front of the popliteal vessels. To prevent acci- 
dental vessel injury, a portion of the PCL can be re- 
tained. In addition, using a periosteal elevator to lift the 
posterior capsule directly from the tibia and distal femur 
is generally safer than transection of the capsule at the 
joint line. 

In addition to direct penetration, indirect vascular 
compromise occurs due to partial or complete vessel 
popliteal artery occlusion. Patients with peripheral 
vascular disease and severe flexion contractures are at 
risk for developing arterial insufficency following total 
knee arthroplasty. For patients with flexion contrac- 
tures, the popliteal artery can become entrapped in scar 
tissue. Correction of flexion contractures can result in 
arterial intimal tears, fascial obstruction, spasm, and 
thrombosis. Arterial damage may result from traction 
on the vessel that occurs as the knee is fully extended. 

The risk of arterial insufficiency following total knee 
arthroplasty is also associated with severe peripheral vas- 
cular disease. Subtle ischemia may manifest as skin 
necrosis and delayed wound healing Acute arterial in- 
sufficiency typically occurs due to trauma or thrombosis 
of atherosclerotic blood vessels. Arterial thrombosis is 
also associated with knee manipulation and tourniquet 
use.^^^’^^^ Mechanical tourniquet pressure can cause 
compression of diseased arteries, resulting in the frac- 
ture or embolization of atheromatous plaques. 

In addition, lack of blood flow in atheromatous vessels 
is also a possible causative factor. Use of the tourni- 
quet is not recommended for patients with poor distal 
pulses, and preoperative radiographs that show severe 
vessel calcification. Vascular contraindications to to- 
tal knee arthroplasty include a history of severe vascular 
claudication and the presence of skin ulceration due to 
venous stasis disease or arterial insufficiency or limb 
necrosis. Preoperative evaluation should include skin in- 
spection and palpation of the dorsalis pedis and poste- 
rior tibial pulses. 

Preoperative consultation with a vascular surgeon is 
highly recommended for patients with a history of se- 
vere peripheral vascular disease, poor distal pulses, or 
extensive vessel calcification as seen on radiographs. 
The vascular assessment may include the measurement 
of the ankle A>rachial pressure index. An index less than 
0.5 is associated with increase risk of vascular compro- 
mise. Arteriography may be required for patients in 
need of vascular bypass prior to total knee arthroplasty. 
Bypass surgery is not a contraindication to performing 
total knee replacement, but a tourniquet should not be 
used and the operative time is kept to a minimum. To- 
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tal knee replacement can be performed without the use 
of a tourniquet. Dry bone surfaces can be achieved for 
cement techniques. In addition, operating time and 
blood loss can be comparable to those cases in which 
a tourniquet is utilized. 

Acute arterial occlusion is a rare but serious compli- 
cation with the potential for poor outcome, including 
amputation. This complication can be avoided by 
careful preoperative screening. Patients with vessel cal- 
cification on radiographs should have inspection of the 
entire lower limb for signs of severe peripheral vascular 
disease and documentation of the presence and strength 
of distal arterial pulses. For those patients with poor or 
absent pedal pulses or other risk factors, the vascular 
surgery consultation is recommended. If necessary, to- 
tal knee arthroplasty procedures can be done without 
the use of the tourniquet. Following correction of se- 
vere flexion contractures, the circulation should be mon- 
itored postoperatively. After tourniquet deflation, an as- 
sessment of pedal pulses and distal capillary refill may 
result in early detection and treatment of acute arterial 
insufficiency, improving the ultimate outcome. 



INFECTION 

Infection is a potentially devastating complication of to- 
tal knee arthroplasty procedures. Deep infection is as- 
sociated with patient morbidity and high treatment 
costs. adversely affect joint function and 

threaten limb preservation. Over the years, numerous 
advances have lowered the rate of infection including 
the routine use of prophylactic perioperative antibi- 
otics. The infection rate following primary total knee 
arthroplasty currently ranges from 1% to 
The reported rate of infection after revision arthroplasty 
is as high as 5.6%.^^^ 

Many variables influence the development of deep in- 
fection including operating room environment, surgical 
technique, operative time, implant selection, patient fac- 
tors, and wound status. Predisposing wound 

factors include dehiscence, prolonged drainage, skin 
necrosis, skin infection, and hematoma formation. 
Important patient risk factors include altered immune sta- 
tus, prior surgery, prior knee infection, concurrent sep- 
sis, psoriasis, medical illness such as rheumatoid arthri- 
tis and diabetes mellitus, malnutrition, and morbid 
Obesity.125, 127-129, 131 

Bacterial organisms gain access to the operative site 
by endogenous or exogenous sources. ^^^T28 ^p. 

erating room is the chief source of exogenous bacte- 
ria. The skin harbors microorganisms, which shed 
continuously into the environment. Some operating 
room personnel shed bacteria at a rate of 1 to 10,000 



bacteria per minute. ^^^T28,i32 Bacteria reach the op- 
erative site from direct contact with contaminated equip- 
ment or by an airborne route. 

Endogenous bacteria are found within the patient. 
The bacterial source may be located at a site distant 
from the knee such as a dental abscess or genitourinary 
tract infection. Bacteria gain access to the operative 
wound by direct invasion due to skin compromise or by 
a hematogenous route. Types of skin compromise that 
predispose to infection include skin necrosis or wound 
dehiscence. Wound drainage is associated with 25% 
of prosthetic infections. 

Patient factors associated with increased infection 
rates include a prior history of deep sepsis such as sep- 
tic arthritis or osteomyelitis. In addition, prior 

surgery on the affected knee increases the risk of deep 
infection. Previous surgical intervention is associated 
with scarring and adverse changes in blood supply about 
the knee. Revision total knee arthroplasty has a higher 
risk of sepsis than primary knee replacement for the 
reasons indicated for prior surgery. Additional con- 
tributing factors to the infection rate for revision pro- 
cedures are the presence of knee stiffness, soft tissue 
contracture, and poor bone quality. 

Rheumatoid arthritis may predispose to a higher risk 
of deep sepsis, particularly those patients with multiple 
system involvement. The infection rate is reported to be 
2.5 times greater in rheumatoid compared to os- 
teoarthritic knees. Rheumatoid patients are at high 
risk for developing late hematogenous sepsis. The risk 
of late infection is as high as 50% during the patient’s 
lifetime. For patients with American Rheumatism 
Association class III and IV function, the most common 
mode of late prosthetic failure is delayed infection. 

It is proposed that rheumatoid patients with multiple- 
system involvement may be more immunocompromised 
than those with rheumatoid arthritis of less sever- 
ity. Rheumatoid patients are at higher risk for 

single and multiple prosthetic infections compared to os- 
teoarthritic patients. Previous total joint arthroplas- 
ties are at risk for developing infection from hematoge- 
nous spread in rheumatoid patients, particularly those 
with advanced functional involvement. 

Moreover, diabetes mellitus, morbid obesity, and mal- 
nutrition are considered factors for deep sepsis. 

These conditions likely pose a risk of infection due to the 
increased incidence of wound-related problems. Recur- 
rent urinary tract infections, pneumonia, dental bac- 
teremia, skin ulcerations, and invasive procedures may 
predispose to infection from a distant site.^^^ Organ 
transplantation, coexisting renal or hepatic disease, neo- 
plasm, and other conditions may predispose to infection 
from altered or diminished host immune function. ^^^^28 

Sepsis after total knee arthroplasty may involve a va- 
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riety of microorganisnns. The most common pathogens 
are aerobic gram-positive bacteria, usually Staph\;lococ- 
cus aureus or Staphylococcus epidermidis.^^^ 

Less commonly, streptococcal, enterococcal, gram-neg- 
ative, or mixed polymicrobial infections occurT^^’^^^ In- 
fections caused by gram-negative bacilli and mixed 
polymicrobial organisms can be encountered when there 
is prolonged wound drainageT^^’^^^’^^^ Furthermore, 
antibiotic-resistant bacterial strains can develop as a re- 
sult of chronic antibiotic suppressionT^^ Resistant bac- 
terial infections are associated with the production of a 
glycocalyx film that adheres to the implant, impairing an- 
tibiotic penetration and macrophage attack. ^^^^29 
dition to the bacteria that produce a glycocalyx, other 
virulent organisms include methicillin-resistant staphylo- 
cocci, gram-negative bacteria, enterococci, and group D 
streptococci. Other pathogens that have been isolated 
from infected total knee arthroplasties include mycobac- 
teria and fungi. These organisms may be responsible for 
infections in patients with immunocompromised immune 
systems. 

Numerous preventive measures reduce the incidence 
of infection following total knee arthroplasty. Perioper- 
ative intravenous antibiotics are important in the pre- 
vention of infection. The selection of the correct an- 
tibiotic for prophylaxis depends on the microorganisms 
responsible for infection in each hospital environ- 
ment. 

Since staphylococcal organisms are responsible for 
causing most total joint infections, antibiotic selection 
is typically directed at these organisms. A first- 
generation cephalosporin such as cefazolin is relatively 
inexpensive and penetrates bone; 1 g of cefazolin is ad- 
ministered intravenously 30 minutes prior to surgery and 
is continued after surgery every 8 hours for three to six 
doses. The minimum time necessary to achieve sig- 
nificant antibiotic concentration in the tissues is 5 or 10 
minutes before tourniquet inflation. Antibiotic con- 
centration in bone was negligible when administered af- 
ter inflation of the tourniquet. 

If the patient is allergic to cephalosporins, vanco- 
mycin is an alternative and is active against methicillin- 
resistant S. aureus^^^; 1 g of vancomycin is adminis- 
tered over 30 minutes prior to surgery. It is continued 
after surgery every 12 hours for two to four doses. The 
vancomyacin dose may need to be adjusted, depending 
on the patient’s renal function. 

In addition to prophylactic antibiotics, numerous pre- 
ventive measures are available to reduce infection. The 
length of the hospitalization preoperatively is minimized 
to prevent colonization of the skin with potential 
antibiotic-resistant organisms. Also, cleansing the 
skin with hexachlorophene daily for 2 to 4 days prior 
to the total knee arthroplasty can reduce the bacterial 



population and protects the skin for a limited period of 
time.^^^ 

Intraoperative measures that reduce the risk of in- 
fection include the preparation of the operative site with 
a germicidal agent to kill transient endogenous bacte- 
ria. ^^^T28 addition, iodophor-impregnated drapes 

that adhere to the skin help to lower the number of bac- 
teria in the wound. ^^^ 428,138 Minimizing the number of 
personnel and amount of traffic in the operating room 

potentially decreases bacterial contamination. ^^^428 

addition, the use of hoods and masks provides a tem- 
porary reduction in bacterial shedding. Other intra- 
operative measures include the use of double gloves and 
impermeable surgical gowns and drapes, which protect 
both the patient and the surgeon. Helmet aspi- 

rator or body exhaust suits, typically used by surgeons 
and assistants, can prevent bacterial shedding. 

Also important for the operating room is appropriate 
air filtration and circulation. Vertical laminar flow 

and ultraviolet lights have been used with success to re- 
duce environmental contamination in the operating 
room.^^^’^^^ 

Surgical technique is also important in preventing in- 
fection. Preventive measures include utilizing previous 
incisions, careful handling of the wound tissues, and 
avoiding the formation of flaps. Copious lavage of the 
wound prior to wound closure removes debris that can 
provide an ideal environment for bacterial growth. 
Efficient use of operative time reduces the risk for wound 
contamination. The potential risk of deep infection 
increases with the length of time in the operating 
room.^^^ 

Deep infections may present in the early or late post- 
operative period. An intermediate category of infection 
is also described. There are varying classifications de- 
scribing the time frame for infections. Acute infections 
occur within the first 2 to 3 weeks of surgery. 

Acute infections may be associated with local wound 
complications such as delayed healing, skin slough, or 
hematoma formation. Intermediate or delayed infec- 
tions can also occur. Intermediate infections may result 
from contamination that occurred during the perioper- 
ative period or from hematogenous spread. ^^^T28,i40 
Late infections are more common than early infec- 
tions. Late infections are usually due to hematog- 

enous spread of microorganisms from a distant site. An 
early time of onset of the infection and the virulent na- 
ture of the organism are important when formulating a 
treatment strategy that will result in a functional knee 
that is free of pain and ongoing infection. 

Prompt diagnosis and treatment of prosthetic infec- 
tion potentially reduces morbidity. If infections are 
treated in a timely and aggressive fashion, the potential 
for salvage without implant removal exists. However, if 
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treatment is neglected, the septic process will extend to 
involve the bone-cement interface, necessitating implant 
removal. In addition, the infectious process may migrate 
proximally, especially in cases where the diagnosis is de- 
layed and appropriate treatment and intervention has 
not been carried out (Figs. 23.11-23.15). 

Presenting symptoms of infection range from persis- 
tent pain to life-threatening systemic sepsis. Fulmi- 
nant infection is readily diagnosed when the clinical pre- 
sentation includes systemic fever and a knee with 
warmth, erythema, swelling, and limitation of mo- 
tion. Pain and swelling can be seen in 95% of 

acute prosthetic infections. In contrast to acute in- 
fections, chronic low-grade infections can be a diag- 
nostic challenge. The presenting symptom in in- 

termediate or late infection may be pain.^^^T29 
rest may be a sign of infection in late presentations. 

The symptoms may additionally include increased knee 
warmth or limited range of motion. The development 
of acute pain and swelling or limited range of motion 
following a total knee replacement that had been asymp- 
tomatic should raise the suspicion of infection. Other is- 
sues that should increase the clinical suspicion for in- 
fection include a history of known risk factors for 
contamination such as prolonged wound drainage, prob- 
lems with wound healing following the initial arthro- 
plasty, and reoperation for any reason. 

Routine hematologic testing is done but may not be 
helpful in establishing the diagnosis of an infected total 
knee arthroplasty. The blood leukocyte count may be 
elevated or normal. The C-reactive protein, however, is 




Figure 23.12. Gross loosening of the femoral component. 
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Figure 23.13. Arthrographic appearance of the knee in the 
anteroposterior (AP) plane. 

typically increased. A baseline erythrocyte sedimenta- 
tion rate (ESR) is obtained. The ESR is not consis- 
tently elevated with deep prosthetic infection. A normal 
ESR may exist in the patient with an infected total knee 
arthroplasty. Also, the ESR can be elevated following 




Figure 23.14. Arthrographic appearance of the knee in the 
lateral plane. 
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Figure 23.15. At exploration, gross loosening identified. 
Note the thickening of the soft tissue envelope around the 
knee due to chronicity of infection. Unfortunately, this knee 
was not salvageable and the patient ended up with an above- 
knee amputation. 

routine total knee reconstruction and remain elevated 
for 3 or more months following the procedure. The 
ESR can be helpful when used to monitor the response 
to treatment. 

Periprosthetic osteolysis is the most frequency radi- 
ographic finding of an infected total knee arthroplasty. 
Radiographic technique is important in detecting early 
osteolysis. The radiographic beam must be tangential to 
the bone-cement-bone-implant interface. Progressive 
osteolysis in the absence of a mechanical etiology should 
raise the suspicion of infection. Radiographic findings 
such as periosteal new bone formation are highly sug- 
gestive of infection, but rarely present. 

Nuclear medicine studies are available to assist in the 
diagnosis of infection. However, these studies may not 
conclusively detect the presence of infection following 
total knee replacement. Technetium-99m meth- 

ylene disphonphonate (Tc-99m MDP) or technetium 
bone scan is the standard for bone scintigraphy. 
Technetium bone scans detect bone metabolic activity, 
which is present with infection. However, accelerated 
bone turnover due to remodeling is also present fol- 
lowing routine total knee arthroplasty. The specificity of 
a bone scan or the triple-phase bone scans, which can 
enhance the detection of bone infection, can be poor 



in the presence of a recent total knee replacement. Bone 
scan may be positive during the first postoperative year, 
limiting its usefulness in detecting prosthetic infections 
during that time.^"^^ In addition, gallium 67 citrate scans 
are often done in conjunction with bone scans to en- 
hance the detection of infection. However, like bone 
scans, gallium scans can be positive in the presence of 
bone remodeling. Indium 1 1 1-labeled white cell scans 
can also detect prosthetic infection, but are technique 
dependent. In addition, indium scans are less accu- 
rate for evaluating total knee replacement compared with 
total hip arthroplasty. Because of false-positive and 
-negative studies, correlation of the indium-labeled scan 
with the clinical evaluation is recommended. 

Aspiration of the joint is recommended for the diag- 
nosis of a prosthetic infection. Arthrocentesis is per- 
formed under sterile conditions to minimize risk of con- 
tamination of the specimen with skin flora. Synovial 
fluid analysis includes a cell count, specifically a white 
cell count. A white cell count greater than 25,000 per 
millimeter with more than 75% polymorphonuclear cells 
is suggestive of infection. Furthermore, the fluid 
should be sent for glucose and protein levels. Low 
glucose and elevated protein level compared to plasma 
levels are also compatible with infection. A Gram stain 
of the synovial fluid will show microorganisms in 25% 
of cases. 

Synovial fluid cultures with antibiotic sensitivities are 
the gold standard for determining the existence of deep 
infection. In addition to standard cultures for aerobic and 
anaerobic bacteria, additional cultures for fungi and acid- 
fast bacilli may be indicated. The cultures of drain- 
ing fluid and superficial wounds are often contaminated 
by skin flora and may not reflect the infecting microor- 
ganism found deep in the knee. 

In some knees that appear clinically infected, synovial 
fluid cultures will be negative. Patients who have re- 
ceived antibiotics within a month of the culture may have 

false-negative results due to suppression. 

dition, intraoperative wound cultures, obtained at the 
time of initial arthroplasty, may not correlate with the 
postoperative infecting organism. 

If an infected total knee arthroplasty is suspected, but 
efforts fail in identifying an infecting organism, an open 
biopsy for pathologic evaluation may be indicated. 
Tissue specimens can be obtained by arthroscopy or 
arthrotomy. In the setting of a painful, loose prosthe- 
sis, culture of the implants or cement fragments may re- 
sult in identification of the organism. Histopathology of 
the periprosthetic tissue often reveals an acute inflam- 
matory response with polymorphonuclear leukocytes 
(PMNs). However, acute inflammatory may be present 
without sepsis in other conditions such as rheumatoid 
arthritis. Sometimes only chronic inflammatory 
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changes are present, which can be difficult to differen- 
tiate from changes associated with prosthetic material. 
The finding of five PMNs per high power field in five 
sections is suggestive of infection. 

The primary goal of treatment for infected total knee 
arthroplasty is the eradication of infection. There 
are numerous treatment options including antibiotic 
suppression, irrigation and debridement with compo- 
nent retention, one-stage or two-stage reimplantation, 
resection arthroplasty, arthrodesis, and amputa- 
tion. management team in- 

cludes the orthopedic surgeon and infectious disease 
consultant. 

Factors taken into consideration in deciding the ideal 
treatment option include chronicity of the infection, 
presence of an immunosuppressive conditions, age and 
functional demand of the patient, virulence of the in- 
fecting organism, quality of bone stock, type of pros- 
thesis, and integrity of the soft tissues. 

Surgical debridement with implant retention is useful 
in the management of acute infections diagnosed within 
3 to 4 weeks of the index arthroplasty procedure. 
Debridement is indicated for acute infections that occur 
in association with a securely fixed implant and low vir- 
ulent infecting organism. ^^^428, 129, 139, 144 proce- 

dure includes a synovectomy. Following debridement, 
the wound is closed over suction drains. Debridement 
is followed by a 4- to 6-week course of intravenous an- 
tibiotics. A pitfall of implant retention is unrecognized 
extension of the septic process extension to the bone- 
cement or bone-implant interface. ^^^428,129,139 

Prosthetic exchange can be performed immediately 
following debridement or in a delayed fashion after a 
course of intravenous antibiotics. ^^^428,i29,i39,i45-i48 
Delayed exchange is the gold standard. It allows for 
the eradication of infection and preservation of knee 
function. Two-stage reimplantation is associated with 
the highest success rates for the treatment of infec- 
tion. ^^^428,129,139,146,147 reported success rates 

with delayed exchange are 90% or greater.^^^440,i45-i48 
Candidates for exchange have susceptible organisms, ad- 
equate bone stock, competent immune systems, intact 
extensor mechanisms, and adequate soft tissues includ- 
ing the skin and collateral ligaments. The long-term 
functional results, reinfection rate, and survivorship for 
two-stage reimplantation is reportedly comparable to the 
results of reconstruction for aseptic failure. 

For success of delayed exchange, debridement in- 
cludes removal of the implant and all foreign mater- 
ial. An antibiotic impregnated polymethylmethacry- 
late spacer is commonly inserted. The insertion of a 
hand-molded cement spacer into the joint space fol- 
lowing implant removal has several potential advan- 
tages. It can provide high-dose local antibiotic delivery. 



allow better patient mobility, and reduce soft tissue con- 
tracture following implant removal. To fabricate the 
spacer, the antibiotics commonly mixed during the 
preparation of the cement are tobramycin or van- 
comycin. The tobramycin dose is 1.2 g per 40 g of 
polymethylmethacrylate used.^^^ The dose of van- 
comycin is 500 mg per 40 g of cement. The po- 
tential pitfalls of cement spacers include the presence 
of foreign material within the infected joint. In addition, 
on removal of the spacer, further bone loss can occur 
if the cement becomes fixed to bone at the time of in- 
sertion. With some cement block designs, range of mo- 
tion and weight bearing is limited. 

Following surgery, intravenous antibiotics are contin- 
ued for 4 to 6 weeks. Some surgeons prefer an addi- 
tional period of oral antibiotics. A minimum serum bac- 
tericidal level of 1:8 is maintained. ^^^440,146 vvhite 

blood count (WBC), ESR, and C-reactive protein are 
monitored. After the antibiotic course is completed, re- 
peat arthrocentesis is performed. A positive culture 
is a contraindication to reimplantation. During revi- 
sion implantation, antibiotic-impregnated cement is rou- 
tinely utilized. ^^^440 

An alternative to the antibiotic impregnated spacer is 
the insertion of a temporary implant as described by 
Hofmann et al.^^^ Following debridement, the femoral 
component is sterilized by autoclave. The femoral pros- 
thesis and a new polyethylene tibial implant are inserted 
using tobramycin-impregnated cement. The cement is 
inserted in a doughy stage to prevent significant inter- 
digitation with bone and facilitate removal. Range 
of motion and partial weight bearing are allowed as 
tolerated. 

Another temporary functional spacer that can be used 
for delayed exchange is Prostalac (prosthesis of antibi- 
otic-/oaded acrylic cement). Prostalac is a prosthetic 
implant coated with antibiotic-impregnated acrylic ce- 
ment. The goal of the temporary implant is to de- 
liver local antibiotics while maintaining limb length and 
anatomic relationships. The design of the second- 
generation system allows for improved joint stability and 
patient mobility. The use of antibiotic-loaded cement, 
typically in higher doses than that for cement spacer 
blocks, appears to offset any adverse effects of the pres- 
ence of foreign material in the Prostalac implant. 

Unlike two-stage exchange arthroplasty, immediate 
prosthetic exchange has limited indications. It is reserved 
with caution for immunocompetent patients who meet 
other criteria for prosthetic exchange and have a highly 
susceptible infecting organism. In addition, antibiotic 
suppression can be used for the elderly or severely med- 
ically compromised patients. Best suited for suppression 
are infections with a low-virulence organism that are 
sensitive to oral antibiotics in the presence of a stable 
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implant. Eradication of infection with suppression is not 
likely. As a routine, the prolonged use of antibiotics 
should be avoided without confirmation of infection. Pit- 
falls of chronic antibiotic suppression are the potential 
development of infection by antibiotic-resistant bacter- 
ial strains, antibiotic toxicity, and eventual painful pros- 
thetic loosening. 

Resection arthroplasty is a useful salvage procedure 
and is an alternative to arthrodesis. Severely disabled 
patients, such as those with rheumatoid arthritis who 
have polyarticular involvement and limited functional 
goals, are best suited for the procedure. Also, arthrode- 
sis is indicated for immunocompromised hosts. Some 
range of motion can be expected after surgery, and a 
brace is usually needed for support during ambulation. 
The pitfalls of this procedure include persistent pain and 
instability. 

For single-joint involvement, arthrodesis is the option 
of choice for infections likely to fail reimplanta- 
tion. Staged arthrodesis, following debride- 

ment and component removal, is recommended. Suit- 
able candidates for fusion have infections with highly 
virulent organisms, inadequate extensor mechanism or 
soft tissue envelope, insufficient bone stock to support 
a prosthetic replacement, or failed implant exchange. 
Surgical techniques for arthrodesis include external fix- 
ation, intramedullary nailing, and compression plating 
with supplemental cast immobilization. Compression 
plating and intramedullary nails have higher fusion rates 
than external fixation. The patient’s ability to ambulate 
independently following arthrodesis is dependent on the 
function of adjacent joints. The pitfalls of arthrodesis in- 
clude lack of knee motion, shortening, gait disturbance, 
persistent infection, fracture, and nonunion. A poten- 
tial complication of external fixation is pin-tract infec- 
tion. A pitfall of knee fusion obtained by intramedullary 
rodding is the spread of infection to previously unaf- 
fected bone. 

Amputation is a final salvage procedure, reserved for 
patients with life-threatening infection such as that 
caused gas-forming microorganisms. Other 
candidates for amputation have failed other treatment 
options, and have extensive bone loss and significant 
soft tissue destruction. 

Lastly, somewhat controversial in the prevention of 
late prosthetic infections is the use of antibiotic pro- 
phylaxis prior to dental, invasive diagnostic, or thera- 
peutic procedures. Most patients undergoing routine 
cleaning and other dental manipulation experience tran- 
sient bacteremia. However, there appears to be a low 
risk for bacterial seeding of the prosthesis, and antibi- 
otic prophylaxis is of questionable value when given af- 
ter the first 2 years of surgery. The recommended an- 
tibiotic regimen is in accordance with the guidelines 



developed by the American Heart Association for pro- 
phylaxis of bacterial endocarditis in the presence of pros- 
thetic heart valves. 



EXTENSOR DYSFUNCTION 
Patellofemoral Instability 

Complications related to the extensor mechanism are a 
common reason for reoperation following total knee re- 
placement. Despite improvements in prosthetic 

design, alignment guide systems, and surgical technique, 
the incidence of extensor mechanism complications re- 
mains high. Problems related to component position 
and soft tissue balance can contribute to a variety of 
patellofemoral complications following total knee arthro- 
plasty. Common patellofemoral complications in- 
clude instability, failure of the patella component, rup- 
ture of the extensor mechanism, and soft tissue 
impingement. 

Patella instability is the most common complication 
of the extensor mechanism. The incidence of patella 
tracking problems is been reported as high as 29% fol- 
lowing total knee replacement procedures. 

Patella instability includes subluxation and dislocation. 
Subluxation occurs more frequently than frank disloca- 
tion (Fig. 23.16).^^"^’^^^ 

There are multiple causes of patellofemoral instabil- 
ity: extensor mechanism imbalance, component mal- 
position, inferior component design, asymmetric patel- 
lar resection, capsular repair disruption, patella alta, 

trauma, and soft tissue impingement. 

A common cause of patellofemoral instability is soft 
tissue imbalance of the extensor mechanism. A typ- 
ical physical finding is excessive tightness of the lateral 
retinaculum. The imbalance may also be accompanied 
by weakness of the vastus medialis muscle. Patients with 
preoperatively valgus knee deformity, chronic lateral 
patella subluxation, or a history of instability are partic- 
ularly at risk for developing patella tilt or instability fol- 
lowing total knee replacement. Valgus malalignment 
creates an abnormal Q angle, altering the resultant force 
of the quadriceps muscle on the patella. 

Malpositioning of the prosthetic components also 
predisposes to patellofemoral instability. ^^^T54,i59 
ternal rotation of the femoral component can result 
in lateral displacement of the patella relative to the 
trochlear groove. Similarly, excessive medial transloca- 
tion of the femoral component on the femur adversely 
affects tracking of the patella in the femoral groove. 
Also, placement of the femoral component in excessive 
valgus can alter the resultant muscle pull on the 
patella. 
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Figure 23.16. A: Patellar subluxation post-total knee arthroplasty without frank dislocation. B: Recurrent dislocation following 
total knee arthroplasty. Situations like this may require bony procedures in addition to soft tissue realignment. 



Another cause of patella maltracking is excessive in- 
ternal rotation of the tibial component. Tib- 

ial component malalignment can cause external rotation 
of the tibia relative to the femur and lateralization of the 
tibia tubercle. The Q angle also increases, which can 
predispose to patella subluxation. In addition, lateral 
placement of the patellar component on the patella can 
cause maltracking. 

Asymmetrical resection of the patella can also lead 
to patellofemoral instability. An asymmetric cut with ex- 
cessive resection of the lateral patella facet can result in 
laterally tilting of the patella. ^^^T54,i59 addition, the 
overall patellar height should be preserved. Excessive 
patella-patella composite thickness increases quadriceps 
tension and the load across the patellofemoral joint, re- 
sulting in patellar dysfunction. ^^^T54,i60,i6i Caliper 

measurement of the patella following resection and com- 
ponent placement can assist in maintaining appropriate 
patella height. 

Certain prosthetic designs predispose to problems 
with patellar tracking. Kinematic rotating-hinge 
prostheses and rigid hinge designs are associated with 
relatively high rates of patellofemoral instability. Also, 
patients with imbalance of the extensor mechanism re- 
constructed with rotationally unconstrained prostheses 
are at risk for patellofemoral instability, if excessive ex- 
ternal rotation of the tibia and lateralization of the tibia 
tubercle are allowed to occur. Similarly, patients with 
collateral and posterior cruciate ligament insufficiency 
who undergo total knee arthroplasty may be at increased 
risk for patella instability. 

Disruption of the capsular repair following total knee 
arthroplasty also can cause patellar maltracking or in- 
stability. ^^^T54,159 Capsular disruption can occur due to 
failed closure of the medial arthrotomy, hemarthrosis. 



aggressive physical therapy, and trauma. Physical find- 
ings on examination include a palpable capsular defect. 
Revision of the capsular repair may be indicated for 
cases of acute disruption. 

Many causes of patella instability can be prevented 
with good surgical technique. The intraoperative as- 
sessment of patella tracking is critical. The tourniquet 
can have a binding effect on the extensor mechanism 
and can be released, if necessary, during the assessment 
of patella tracking. The evaluation of patella during flex- 
ion and extension should occur without medially directed 
stabilization such as that provided by the surgeon’s 
thumb. Achieving soft tissue balance is essential 

for normal patella tracking. Patella component medial- 
ization may also enhance patella tracking. Medi- 
alization is achieved by centering the component over 
the median ridge, which corresponds to the high point 
of the patella prior to resection. 

Patellofemoral instability is treated on the basis of its 
etiology. Nonoperative measures include intensive 
quadriceps rehabilitation; external patellofemoral brac- 
ing; and avoidance of activities, such as squatting or stair 
climbing, which involve heavy loading of the patello- 
femoral joint. 

When the extensor mechanism does not respond 
to nonoperative measures, proximal realignment may 
be indicated. 164, 165 lateral retinacular re- 
lease alone may not sufficiently correct the malalign- 
ment. ^^^T54 jYie lateral release is often combined with 
advancement or imbrication of the vastus medialis.^^^ 

Medial transfer of the tibia tubercle in conjunction with 
osteotomy of the tibial tubercle is an option for instances 
of severe malalignment that cannot be corrected with 
soft tissue procedures alone. However, nonunion is a po- 
tential complication of the procedure. 





328 



F.M. Ollivierre and M.M. Malek 



Prosthetic revision can be performed for patients who 
have significant malpositioning of the components that 
is not amenable to simpler realignment procedures. 

The pitfalls of patella instability are increased risk of 
patella fracture as well as component loosening and 
wear. 

Rupture of the Extensor Mechanism 

Rupture of the extensor mechanism is an infrequent com- 
plication of total knee reconstruction, with a reported 
prevalence ranging from 0.17% to 2 . 5 %. 
tensor mechanism rupture refers to disruption of the 
soft tissue component of the extensor mechanism, 
specifically the patella and quadriceps tendons. The 
patella tendon ruptures occur more often than those of 
the quadriceps tendon. Ruptures may occur as a 

result of trauma. However, patella tendon ruptures are 
most often atraumatic. The etiology may be related to 
underlying vascular, mechanical, and surgical technique 
factors. 

Quadriceps tendon rupture following total knee 
arthroplasty is rare. When it does occur, it is usually in 
patients who have had a lateral retinacular release. 
Surgical disruption of the tendon’s blood supply may 
contribute to subsequent rupture. Additionally, 

extension of a lateral release too far anteriorly with dis- 
ruption of the tendinous fibers of the quadriceps is a 
possible contributing factor. Malpositioning of the 
femoral component in flexion causes impingement and 
attritional wear of the quadriceps tendon. Other sus- 
pected risk factors for rupture of the quadriceps are in- 
flammatory arthritides, chronic steroid use, and previ- 
ous surgery. 

Repair or reconstruction of a quadriceps tendon rup- 
ture can be challenging. Often there is insufficient tis- 
sue for end-to-end anastomosis. The results of opera- 
tive repairs are often unsatisfactory due to extensor lag, 
weakness, or limited range of motion. Reinforcement 
or reconstruction with autograft such as the semitendi- 
nosus tendon may be required. With appropriate surgi- 
cal technique, the outcome should not be altered. 

The risk of patellar tendon ruptures after total knee 
arthroplasty is increased in patients who have had pre- 
vious operations involving the knee, such as distal ex- 
tensor alignment. In addition, partial detachment of 
the patellar tendon, done to enhance exposure at the 
time of arthroplasty, increases the risk of acute rup- 
ture. At particular risk of avulsion of the tendon from 
the tibia tubercle is stiff knees with limited preoperative 
flexion. Acute tendon ruptures can also occur as a com- 
plication of forceful closed manipulation of the knee fol- 
lowing total knee reconstruction. The most common 
type of patellar tendon rupture is the distal avulsion from 



the tibial tubercle. Proximal and midsubtance tears 
occur less often. 

Late attritional patellar tendon ruptures may be as- 
sociated with devascularization from the surgical expo- 
sure or impingement of the tendon on the prosthesis. 
Late traumatic ruptures are associated with falls or sig- 
nificant contraction of the quadriceps with a slightly 
flexed knee (Figs. 23.17-23.21). 

Numerous treatment options exist including cast ap- 
plication, ligament suture, wire fixation, staples or 
screws, ligament augmentation, and reconstruction of 
the ligament with use of an extensor mechanism allo- 
graft. 

Generally, acute repairs of extensor tendon ruptures 
do better than late repairs. Long-standing ruptures are 
associated with soft tissue contracture, joint stiffness, 
and extensor lag. Following patellar tendon rupture, the 
patella migrates proximally. Late presentations of patel- 
lar tendon ruptures are associated with concomitant 
quadriceps tendon contracture. Mobilization of the ex- 
tensor mechanism may be required as part of the re- 
construction. When the tendon is of poor quality or can- 
not be mobilized sufficiently, several options exist for 
management. An allograft comprising the quadriceps 
tendon, patella, patellar ligament, and tibia tubercle can 
be used reconstruction. Despite functional improve- 
ment following reconstruction, moderate extensor lag 
can occur. Alternatively, reconstruction with autoge- 
nous semitendinosus tendon has been described. The 




Figure 23.17. Traumatic rupture of the patellar tendon sta- 
tus post-revision arthroplasty of the knee. At exposure, there 
is significant shortening of the remaining patellar tendon, 
which was not suitable for repair or reattachment. 
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Figure 23.20. At 6 months postoperation, range of motion Figure 23.21. At 6 months postoperation, range of motion 

from -5 degrees (shown here) to 120 degrees with indepen- of the knee is -5 degrees to 120 degrees (shown here) with 

dent ambulation. independent ambulation. 



Figure 23.18. Traumatic rupture patellar tendon one year af- Figure 23.19. Reconstruction of patellar tendon rupture with 
ter revision total knee arthroplasty. Achilles tendon allograft. 



semitendinosus tendon is detached proximally, passed 
through a channel made in the distal pole of the patella, 
and then sutured to itself at its insertion on the tibia or 
to adjacent periosteum. For a short or small-caliber 
semitendinosus tendon, augmentation of the reconstruc- 
tion can be done using the gracilis tendon. Also, the 
semitendinosus tendon can be woven into the quadriceps 
tendon combined with a turndown of a tongue of the 
quadriceps interiorly for reinforcement. Use of autoge- 
nous hamstring tendon appears to be superior to staple 
or suture fixation alone. It may also be advantageous over 
allograft tissue for patients with soft tissue devasculariza- 
tion from previous surgical procedures or compromised 
connective tissue from systemic disease. 

For patients who do not have adequate bone stock for 
use of the semitendinosus reconstruction, a medial gas- 
trocnemius or extended gastrocnemius flap is an alterna- 
tive. Gastrocnemius flap reconstruction can also be 



considered for patients with patellar ligament rupture, 
failed quadriceps tendon repair, poor soft tissue coverage, 
or an exposed prosthesis associated with loss of the ex- 
tensor mechanism. This flap provides a blood supply 
to enhance healing of the reconstmction and does not re- 
quire good bone quality of the patella or proximal tibia. 

Low-demand, medically compromised patients not 
considered suitable candidates for surgery can be treated 
with bracing. Knee arthrodesis is a salvage proce- 
dure. Knee fusion is an option when other treatment 
methods fail and stability is preferred. 

Preventive strategies for acute patellar tendon rup- 
ture include protecting the patellar tendon during 
surgery, using a longer capsulotomy and extensile ex- 
posure for tight knees or revision arthroplasty, and 
avoiding partial patellar tendon release. When neces- 
sary, the tibial tubercle can be osteomized for better ex- 
posure and reattached at the completion of the proce- 
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dure.^^^ Extensile exposures can be accomplished with 
a proximal release of the quadriceps such the rectus snip 
or modified V-Y quadricepsplasty or an extended tibial 
tubercle osteotomy . 86 , 102 , 103,105 

Patella Fracture 

Patella fracture is an uncommon complication of total 
knee reconstruction. However, the reported incidence 
is as high as 21%.^^^ The fracture rate is higher for re- 
vision total knee replacement compared to primary 
arthroplasty. Patella fractures may not be associated 
with any specific traumatic event and can be asympto- 
matic. Fatigue fractures are more common following 
total knee arthroplasty than traumatic fractures. 

Numerous causes of patella fracture have been pro- 
posed. Fractures are associated with patellar subluxa- 
tion, improper patellar resection, avascular necrosis, 
component design, component malpositioning, in- 
creased knee flexion, and revision arthroplasty. Condi- 
tions that weaken bone such as osteopenia and thermal 
necrosis from cement use are also contributing factors 
(Fig. 23.22 ).i52 

An important cause of patella fracture is patella 
malalignment. Contact forces substantially increase with 
patellofemoral malalignment. Both the eccentric- 




Figure 23.22. Patella fracture with dislocation of the patel- 
lar component secondary to malpositioning of the femoral 
component. 



ity and the magnitude of patellofemoral loads on the 
patella increase the risk of fracture. 

Also, excessive patellar resection predisposes the 
patella to fracture. Removal of subchondral bone causes 
weakness of the patella. Following resection, a resid- 
ual patellar thickness of less than 15 mm substantially 
increases anterior patellar strain. Conversely, too lit- 
tle patellar resection creates a thick patella-patella com- 
ponent composite. Increased patellar height increases 
patellofemoral joint reaction forces and quadriceps ten- 
don tension. Use of an oversized femoral component 
with an excessive anteroposterior diameter or placement 
of the femoral component in a flexed position also 
alters joint reaction forces and can lead to patella 
fracture. 

Patella component design has been linked to patella 
fractures. Components with large central pegs 
are at higher risk for fractures than those designed with 
multiple smaller pegs.^^^ Fractures may be related to 
penetration of the anterior cortex with a drill during 
preparation for resurfacing. 

Disruption of the blood supply of the patella can re- 
sult in osteonecrosis and subsequent fracture. 

The patella vascular supply can be disrupted in per- 
forming routine total knee arthroplasty. During the me- 
dial peripatellar arthrotomy, the medial superior, medial 
inferior, and supreme genicular arteries may be divided. 
In addition, the lateral inferior genicular artery can be 
damaged during lateral menisectomy or fat pad exci- 
sion. The lateral superior genicular artery is at risk when 
a lateral retinaculum release is performed. An- 
other factor linked to avascular necrosis is cement tech- 
nique. Heat generated from the use of polymethyl- 
methacrylate may exceed the coagulation temperature 
of tissue proteins, resulting in thermal necrosis of 
bone.^^^ 

A variety of fracture patterns can occur. Nonopera- 
tive management of patella fractures is suitable for frac- 
tures associated with an intact extensor mechanism and 
a well-fixed patella component. These frac- 
tures usually have less than 5 mm of displacement and 
little to no comminution. Treatment options include cast 
immobilization or bracing for 4 to 6 weeks, followed by 
progressive knee range of motion and rehabilitation. 

Integrity of the extensor mechanism and fixation of 
the patella component are important factors in deter- 
mining the need for operative management. In addition, 
the extent of fracture displacement and comminution 
are also considered. Treatment options include open re- 
duction and internal fixation. If the fracture is associated 
with a large single fragment, partial patellectomy and 
repair of the extensor mechanism is indicated. If there 
is not sufficient bone stock to permit patella component 
reimplantation, partial patellar resection or patellectomy 
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is performed. For fractures associated with implant loos- 
ening, a temporary period of immobilization may allow 
sufficient bone consolidation to permit resurfacing with 
a new patella component. 

Soft Tissue Impingement 

Soft tissue impingement following total knee arthro- 
plasty involves a spectrum of problems related to soft 
tissue formation about the patella. Some fibrous tis- 
sue formation around the patella component is expected 
after total knee replacement. However, more ag- 

gressive fibrous tissue formation leads to symptoms re- 
lated to impingement including pain, limitation of mo- 
tion, crepitus, and catching. Two types soft tissue 
fibrosis amenable to surgical treatment are patella clunk 
syndrome and intraarticular band formation. 

In patella clunk syndrome, a prominent fibrous nod- 
ule develops at the junction of the posterior aspect of 
the quadriceps tendon and the proximal pole of the 
patella. Associated symptoms include anterior knee 
pain. In addition, a catch or clunk of the patella is typ- 
ically noted with knee extension. 

During knee flexion, the nodule enters the inter- 
condylar notch of the femoral prosthesis. As the knee 
extends, the quadriceps tendon and the patella migrate 
proximally and the nodule catches on or becomes en- 
trapped within the notch. With further extension, ten- 
sion placed on the fibrous nodule by the extensor mech- 
anism causes it to dislodge from intercondylar notch. 
The latter stage is associated with an audible or palpa- 
ble clunk. 

Prosthetic design and surgical technique are believed 
contribute to the etiology of patella clunk syn- 
drome. The syndrome has been linked to the use 
of a type of posterior stabilized prosthesis in which the 
femoral component has sharp edges in the region of 
the intercondylar notch. sharp outline of the 

notch may cause local irritation of the extensor mech- 
anism, resulting in nodule formation. 

Technical errors associated with the development of 
the syndrome include malposition of the patella com- 
ponent in which the component proximally overhangs 
the patella. Also, excessive thickness of the patella and 
patella baja resulting from the failure to restore the nor- 
mal joint line may be contributing factors. 

Nonoperative measures are not likely to be success- 
ful in eradicating symptoms. Recommended surgical 
treatment includes open or arthroscopic debride- 
ment. Arthrotomy is usually reserved for 

patients requiring component revision to address mal- 
positioning or loosening. 

The formation of intraarticular adhesions following 
total knee arthroplasty is not unusual. However, the for- 
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mation of thick intraarticular fibrous bands that can re- 
sult in tethering of the patella is pathologic. The etiol- 
ogy of the intraarticular band syndrome is unknown. 
There are three types of hypertrophic fibrous bands 
Type 1 bands are located superiorly and transversely 
and can prevent the patella from seating properly. Type 
2 bands tether the patella laterally during knee range of 
motion. Type 3 bands tether the patella inferiorly. The 
bands can be removed successfully with arthroscopic 
debridement. 

Failure of the Patella Component 

Loosening of the patella component occurs more fre- 
quently with cementless design. Risk factors for 
patella implant failure are multifold. Patient-related risks 
include trauma, morbid obesity, knee flexion above 115 
degrees, and high activity level. Technical er- 
rors associated with increased patellofemoral loading 
and subsequent component failure include malalign- 
ment, excessive patella-patella component composite 
thickness and patella component malposition. Addi- 
tional errors are the placement of an oversized femoral 
component or the femoral component in flexion, and 
failure to restore the prosthetic joint line to an anatomic 
level. Prosthetic design is also an important factor 
contributing to patella implant failure. 

Metal-backed patella components were designed to 
allow fixation of the implant without use of cement and 
to reduce patella strain. However, failure rates for 
metal-backed patella components are relatively high, 
with failure usually occurring early within a few years 
following arthroplasty. Because of high failure rates, 
the use of metal-backed patella has largely fallen out of 
favor. However, not well known is that failure of 
metal-backed patella appears to be limited with proper 
component design, surgical technique, and patella align- 
ment. Using the Natural Knee system (Inter- 

medics Orthopedics, Austin, TX) over the last 10 years, 
our experience with metal-backed patellae has been fa- 
vorable compared to cemented patellae. 

Many metal-backed designs failed due to wear and 
fracture of the polyethylene, dissociation of the poly- 
ethylene from the metal plate, dissociation of the pegs 
from the metal plate, and fracture of the metal plate. 
With entire component thickness limited, the thickness 
of polyethylene is reduced to accommodate the metal 
base. Also associated with premature failure were com- 
ponents with thin layers at their outer margin or no 
polyethylene at the periphery to cover the metal 
plate. The use of a thin layer of polyethylene pre- 
disposes to increased wear rates. 

For metal-backed patella designs, failure may occur 
at the peg attachment sites to the metal plate. Bone in- 
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growth around fixation pegs but not the component it- 
self leads to failure. Shear loads are resisted at the peg- 
plate junction. Over time, fatigue fractures occur at the 
junction with the plate and can cause the metal plate to 
break free from the patella and the embedded ingrown 
lugs. 

Cementless systems with reportedly favorable results 
have design features that minimize patellofemoral 
forces. Design factors include a modified dome-shaped 
patella, a deep-dished trochlea groove of the femoral 
component, a 3-mm-minimum polyethylene button, a 
partially countersunk patella component, and smooth 
press-fit patella pegs cast to the metal-backed disk.^^^ 
The patellofemoral design in combination with soft tis- 
sue balancing and proper component sizing may con- 
tribute to successful bone ingrowth. 

Clinical signs of failure of the patella component in- 
clude effusion and crepitus. Clinical symptoms often ap- 
pear suddenly following activities associated with in- 
creased patellofemoral loading, such as climbing stairs, 
squatting, or rising from a seated position. 

Intraoperative findings include wear and fragmenta- 
tion of the polyethylene with exposure of the metal plate 
and black staining of the synovial membrane with metal 
debris. Damage can occur to the femoral component 
from metal-to-metal contact (Figs. 23.23 and 23.24). 
Depending on the design, loose, porous, coated beds 
or titanium fiber mesh fragment may be found embed- 
ded in the polyethylene of the patella as well as the tibia 
component. Additionally, complete dislodgment of the 
component interiorly may be association with patellar 
tendon rupture. 

A major factor in decision making is adequacy of the 
remaining patella bone stock following removal of the 
failed component. If sufficient bone, revision can be per- 
formed. If bone is insufficient to allow resurfacing, the 




Figure 23.23. Polyethylene wear on a patella component, 
which produces particles in the joint with secondary swelling 
and pain. 




Figure 23.24. Black staining of the joint from metal-to-metal 
contact. 



options include patellar resection arthroplasty or patel- 
lectomy. Extensor weakness following patellectomy is 
not unexpected. 

Overall, patella component failure rates have im- 
proved with advancements in prosthetic design, proper 
patella resection, and bone preparation and centralized 
patellar tracking. 

PROSTHETIC FAILURE 

Failure of a total knee arthroplasty may occur for a va- 
riety of reasons. Excluding infection, types of fail- 

ure include aseptic loosening, polyethylene wear, pain, 
and inadequate motion. Soft tissue imbalance and 
malalignment are significant factors in the development 
of failure following total knee replacement. Pros- 

thetic designs allow some rotational motion, which must 
controlled by appropriate soft tissue tension for proper 
kinetic function. Malalignment and soft tissue imbalance 
lead to ligament instability, bone and soft tissue over- 
load, and polyethylene overload. 

The most frequent cause of revision following total 
knee reconstruction is aseptic loosening. The inci- 
dence of aseptic component loosening is difficult to 
quantify because of many variations of prosthetic design 
and modes of fixation. The most common cause of loos- 
ening is mechanical failure of the prosthesis-bone in- 
terface (Fig. 23.25 and 23.26). Failure of fixation typ- 
ically occurs because of osteolysis due to wear debris or 
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Figure 23.25. Well-positioned total knee arthroplasty with 
noncemented components. 

failure of cancellous bone support of the tibial compo- 
nent secondary to overload. Patient selection, surgical 
technique, and prosthetic implant design all influence 
survivorship after total knee arthroplasty. 

Several patient characteristics affect implant survival. 
Age, body weight, and activity level are important fac- 
tors. Younger patients have poorer survival rates than 
older patients. Poorer survival rates are also seen with 
excessive weight or morbid obesity. In addition, patients 




Figure 23.26. The patient in Fig. 23.25 10 years postopera- 
tion with complete resorption of femoral condyles behind the 
posterior flares of the femoral component and overall loos- 
ening of the prosthesis. 
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with a prior total knee arthroplasty and those with 
posttraumatic or osteoarthritis generally have implant sur- 
vival rates lower than do those with rheumatoid arthritis. 

Surgical technique is also an important factor affect- 
ing prosthetic survivorship. Increased attention to limb 
alignment and ligament balance are attributed to the im- 
proved survival rate associated with modern condylar 
implant designs. Failure to correct limb alignment 
causes eccentric loading of the prosthetic components 
and ultimately contributes to loosening. The assessment 
of alignment for total knee arthroplasty, however, in- 
volves more than the anteroposterior and coronal 
planes. Rotation and translocation of the components 
in other planes are also important. For the femur and 
tibia, there are 6 degrees of freedom with regard to 
malalignment: valgus-varus, flexion-extension, proximal- 
distal, internal-external rotation, anterior-posterior, and 
medial-lateral. 

Varus malalignment contributes to early failure (Fig. 
23.27). The mechanical axis of the limb passes from the 
hip to the ankle through the center of the knee. Com- 
ponents are generally oriented at a right angle to the 
mechanical axis to allow transmission of compressive 
forces to the fixation interface. For the average patient, 
the knee is placed in 5 to 7 degrees of valgus alignment 
in the anteroposterior (AP) plane. Mild varus alignment 
of the femoral prosthesis alone may not contribute to 
failure. It is the overall alignment of the limb, particularly 




Figure 23.27. Varus malalignment, which led to failure of 
the total knee arthroplasty in 9 months. 
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in neutral or varus alignment, which can lead to pre- 
mature failure. Typically there is a contribution to over- 
all alignment by the tibial component. Varus alignment 
of the tibial component is associated with premature fail- 
ure of fixation and accelerated polyethylene wear. 

The restoration of axial alignment solely for the bony 
structures is insufficient. Soft tissue balance is also linked 
to mechanical alignment. Failure to adequately release 
contracted ligaments, especially medially and laterally, 
leads to malalignment. If a ligamentous balance is not 
achieved, compressive forces can occur on the con- 
tracted side and tensile forces can be seen on the non- 
contracted side, leading to uneven distribution of forces 
across the knee. Ligamentous release is anticipated for 
knees with significant preoperative varus or valgus de- 
formity. Similar to the results of component malalign- 
ment, residual ligament imbalance postoperatively leads 
to early fixation failure or accelerated polyethylene wear. 
Postoperatively, excessive valgus alignment is generally 
better tolerated than neutral or varus alignment. How- 
ever, valgus malalignment, especially in an obese indi- 
vidual, may lead to a cosmetically unsatisfactory result. 

Medial placement or internal rotation of the femoral 
component can alter patellofemoral tracking. A lateral 
retinacular release may compensate for minor translo- 
cation or rotation. However, medial placement or inter- 
nal rotation of the femoral prosthesis can lead to pre- 
mature failure of the polyethylene of the patella 
component. In addition, other patellofemoral complica- 
tions can result, such as subluxation, dislocation, or 
patella fracture. Surgical management may also require 
revision arthroplasty to address the femoral component 
malalignment as well as the patellofemoral issues. Mal- 
rotation can occur, particularly in knees with posterior 
femoral condyle deficiency. Distortion of anatomy and 
loss of landmarks can make it difficult for accurate pros- 
thetic placement. Proper assessment of femoral com- 
ponent rotation may not be achievable with the use of 
routine intramedullary guides. The epicondylar axis is an 
acceptable adjunct to standard alignment systems. In ad- 
dition, the AP axis is an alternative guide used to eval- 
uate external rotation for femoral component placement. 
As with femoral rotation, rotational alignment of the tib- 
ial component is important. External rotation reduces 
the Q angle and improves patella femoral tracking. 

Knee replacements have a tendency to fail with sub- 
sidence medially and anteriorly. Placement of the tibial 
component to cover the anterior cortical bone is pre- 
ferred to more posterior placement where the bone is of 
inferior quality. More posterior placement increases the 
risk of the component subsiding anteriorly. In addition, 
the highest quality of cancellous bone in the proximal 
tibia is located beneath the subchondral plate. Excessive 
depth of the tibial bone resection is generally avoided to 
prevent subsidence into weaker cancellous bone. 



An advantage to the use of cement for fixation is that 
it provides strength to support the tibial component. In 
cemented designs, stress at the interface of the bone is 
similar to that for the cement. However, cement is gen- 
erally stronger than cancellous bone in compression, 
tension, and shear. Cement interdigitation to bone is es- 
sential to resist stresses at the interface. In addition, 
stemmed prostheses also reduce stress at interface. The 
use of a long-stem implant in conjunction with cement 
is advocated for fixation in poor quality bone. 

Long-term success with press-fit fixation is dependent 
on the design of implant system. In addition, bone 
should be of adequate quality to provide stable fixation. 
If tight fixation cannot be obtained with press-fit com- 
ponents, then the implants should be cemented. 

Ultra-high molecular weight polyethylene (UHMWPE) 
is the bearing material of choice in total knee recon- 
struction.^ However, its use in well-aligned, balanced 
knees is attributed to long-term survival of total knee 
arthroplasty. However, the lifetime of UHMWPE is not 
indefinite. Polyethylene particles at the bone implant 
interface are a major contributing factor to aseptic loos- 
ening. The biologic response to wear debris leads to 
bone resorption and loosening of the implant at the 
bone interface. Polyethylene wear in total knee arthro- 
plasty typically occurs secondary to high contact 
stresses, with resulting polyethylene damage and debris 
formation (Figs. 23.28-23.30). Among the findings 




Figure 23.28. Loss of polyethylene space and failure of to- 
tal knee arthroplasty 8 years postoperation. Arrows point to 
metal-to-metal contact. 
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Figure 23.29. Destruction and fragmentation of the poly- 
ethylene component. 

consistent with damage in retrieved polyethylene im- 
plants are pitting, delamination, abrasion, burnishing, 
scratching, deformation, and fracture. The size of poly- 
ethylene particles found around total knee replace- 
ments is larger than that typically found associated with 
total hip replacements. However, the wear particle pat- 
terns are attributed to differences in the kinematics, 
loading, and geometry of the knee. Higher stresses are 
generated in the knee with relatively lower conformity 
of the implants. In addition, the femoral component 
has additional motions of rolling and sliding during gait 
that contribute to differing wear compared to hip 
prostheses. The prior use of thin polyethylene implants 
is a risk factor for catastrophic wear and early failure. 
It is now recognized that polyethylene has a mini- 
mum acceptable thickness for optimal durability and 
longevity. 

Also important for the longevity of polyethylene is its 
sterilization and oxidation. Gamma irradiation, which 
had been used until the 1990s, is associated with the 




Figure 23.30. Arrows point to secondary deformation of the 
tibial metal tray. 



generation of polyethylene debris and osteolysis.^ Also, 
with exposure to oxygen, degradation of polyethylene 
occurs. Specifically, oxidation of polyethylene causes 
changes in its quality, physical properties, and wear re- 
sistance. Currently, ethylene oxide gas or gas plasma 
are used for sterilization. Modifications in sterilization 
and cross-linking are among the advances intended to 
improve wear properties of polyethylene, with further 
advances anticipated in the future. 

BONE LOSS 

Osseous deficiency can be seen in primary and revision 
total knee arthroplasty. In primary knees, proximal tib- 
ial bone deficiency is seen more often than distal femoral 
deficiency. Proximal tibial bone defects typically result 
from varus or valgus knee deformity. The most 

common lesion encountered in primary total knee 
arthroplasty is located in the posterior medial tibia and 
is associated with a varus knee deformity. Central de- 
fects of the proximal tibia usually occur with valgus 
knees. In primary knees, bone defects can result from 
a sliding motion that replaces the normal rolling action 
of knee flexion or from overload of the subchondral 
bone, which causes collapse. 

There are several options available for the manage- 
ment of bone defects that typically occur with primary 
knees. Alteration of the surgical procedure and bone 
preparation can be used for managing small defects. Ad- 
ditional options include the use of polymethylmethacry- 
late, metal wedges or spacers, custom prostheses, or 
bone graft. 

In revision knees, bone loss can have a range of sever- 
ity. Early failed total knee arthroplasties are typically as- 
sociated with smaller bone defects. Most small to inter- 
mediate-sized defects found in revision knees can be 
managed similarly to defects commonly found in pri- 
mary knees. However, in cases of late prosthetic failure 
with aseptic loosening, more extensive bone loss can 
occur. Particulate debris leads to enzymatic destruc- 
tion of bone that can cause bone loss as well as implant 
migration. The management of massive bone loss in re- 
vision total knee arthroplasty can be particularly chal- 
lenging. Inadequate bone stock may be only one of sev- 
eral problems encountered during revision total knee 
arthroplasty. Multiple surgical options include arthrode- 
sis, amputation, custom total knee arthroplasty, auto- 
graft, or allograft. 196, 197 

Selecting the most appropriate option for the treat- 
ment of bone deficiency depends on a number of vari- 
ables including the severity of the disease process, the 
anatomic location of the deformity, the existence of pre- 
vious surgical reconstruction, and the need for sufficient 
support for the prosthetic components. 
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Figure 23.31. A and B: Type I (Rand) lesion associated with focal bone loss with some metaphysical and cortical bone re- 
maining intact. 



Classification 

Several classification schemes exist for the evaluation of 
bone loss in revision total knee arthroplasty. These 
schemes can also be applied to bone loss found in pri- 
mary knees. Plain AP and lateral radiographs are in- 
spected for the presence of bone defects and/or the re- 
duction in the profile and dimension of the metaphyseal 
segment of the femoral condyles or tibia plateau. Bone 
defects, particularly those found in primary total knee 
arthroplasty, tend to be peripheral or central in loca- 
tion. Contained defects have an intact cortical 

rim. Defects lacking a cortical shell are considered non- 
contained. 



Mow and WiedeP^^’^^^ described bone deficiency as 
segmental, cavitary, or a combination of the two. Seg- 
mental defects imply a significant amount of cortical 
bone loss. Cavitary bone defects involve loss of meta- 
physeal bone with an intact cortical shell. In combina- 
tion lesions, there is loss of both metaphyseal and cor- 
tical bone. 

In the classification scheme proposed by Rand, a type 
1 lesion is associated with the focal loss of bone, with 
some metaphyseal and cortical bone remaining intact 
(Fig. 23.31).^^^ In type 2 defects, there is loss of meta- 
physeal bone and a cortical rim of bone remains intact 
(Fig. 23.32).^^^ In type 3 lesions, there is gross or global 
loss of both metaphyseal and cortical bone.^^^ 
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Alternatively, the Anderson Orthopaedic Research 
Institute (AORI) classification also addresses bone loss 
patterns in revision surgery. This classification not 
only addresses bone loss patterns but also proposes 
treatment options based on the pattern. The AORI clas- 
sification is applied separately to the femur (F) and tibia 
(T). In a type 1 defect, the metaphyseal bone is intact. 
Typically, there are minor bone defects that do not com- 
promise the stability of the prosthesis. For type 2 de- 
fects, there is loss of cancellous bone in the metaphysis. 
Type 2A bone defects involve one femoral or tibial 
plateau. In type 2B lesions, both condyles or plateaus 
are involved. In a type 3 defect, the metaphyseal bone 
is deficient and compromises a major portion of either 
condyle or plateau. These severe defects are occasion- 
ally associated with patellar or collateral ligament de- 
tachment. 

In general, the Fl-Tl classification is applied when 
cancellous bone is present at a normal joint line level 
that permits use of standard nonstemmed implants. The 
F2-T2 categories included cases with damaged cancel- 
lous bone that require augmentation or repair to restore 
joint line and knee stability. The F3-T3 category should 
be reserved primarily for severe cases in which the dam- 
aged metaphyseal segment of bone must be repaired 
with major bone grafts, custom components, or hinges 
in order to reconstruct the damaged bone.^^^ 

Femoral Bone Deficiency 

Distal femoral defects are rare in primary knee surgery. 
Tibial deficiency is more common. However, bone 
deficiency can occur following trauma. In addition, dis- 
tal femur fractures may result in condylar malunion or 
angular deformity, which can complicate treatment with 
total knee arthroplasty. Also, loss of viable bone occurs 
in avascular necrosis. Removal of avascular bone may 
result in a significant bone defect. 

There are several options available for the manage- 
ment of femoral deficiency. Cancellous bone graft eas- 
ily manages the majority of lesion found in the distal fe- 
mur. In addition, cement can also be used for smaller 
contained osseous lesions, but is not the preferred op- 
tion. Modular wedges can be attached to augment the 
femoral component. 

Autogenous graft can be obtained from resected 
femoral or tibial bone that is harvested in performing 
the primary total knee arthroplasty procedure. If there 
is not sufficient bone available, allogeneic graft bone can 
be used. For larger defects, structural graft may be nec- 
essary. Fresh frozen allograft from femoral heads is com- 
monly used as a source of allogeneic bone. As with au- 
tograft, allograft bone can be morselized and impacted 
into areas of loss.^^^ Alternatively, allograft bone can 
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Figure 23.33. In femoral condylar insufficiency allograft or 
autograft can be utilized to re-create the anatomic integrity 
and a base so that the prosthesis can be applied. Any minor 
deficiency then can be packed with additional cancellous ma- 
terial. 

be shaped into bony blocks matching the pattern of loss 
(Fig. 23.33). When stability of the component is not 
compromised, bone graft is necessary only to fill the de- 
fect and not to support the component. 

Despite involvement of the weight-bearing area, there 
is usually adequate distal femoral bone stock in a typi- 
cal failed total knee arthroplasty. For smaller bone de- 
fects, treatment options in revision surgery are similar 
to those of primary total knee reconstruction. As with 
primary knees, bone graft is commonly used to treat de- 
ficiencies. Morselized cancellous autograft or al- 
lograft can be successfully used for the management of 
smaller cavitary lesions in revision total knee arthro- 
plasty. Cement also can be used to fill contained de- 
fects. The augmentation of the femoral prosthesis 
with metal wedges is another available option with many 
revision knee systems. Structural bone grafts are of- 
ten required for the management of noncontained bone 
lesions. 

In revision total knee arthroplasty, severe femoral 
bone loss may be present due to osteolysis. The 
femur often has a funnel-shaped appearance, with ab- 
sent cancellous bone in the distal femur (Fig. 23.34). 
The available surgical options include the use of struc- 
tural allograft to restore bone stock. The restoration of 
bone stock is important in the event of future revision 
surgery. Bone graft offers numerous advantages includ- 
ing biocompatibility, availability, and versatility in its abil- 
ity to be shaped to fit the pattern of the patient’s defi- 
cient bone. It also can be used to restore bone stock. If 
necessary, ligaments can be reattached to large bulk al- 
lografts. Other options included fixed or modular wedges 
that can be applied to the distal femoral component or 
custom prosthetic components. 
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Figure 23.34. A: A severe bone loss in 
revision knee surgery. Femur often has a 
funnel-shaped appearance. B and C: Re- 
construction of the distal femur with 
structural allograft. 




A 




Tibial Bone Deficiency 

In primary and revision total knee arthroplasty, bone de- 
ficiency most commonly occurs in the proximal tibia. 
Bone loss is often associated with varus or valgus an- 
gular deformity. Even mild to moderate bone 

loss can be seen in primary knees in the presence of 
angular malignment. The most common bone defect is 
located in the posteromedial third of the proximal me- 
dial tibial condyle. This metaphyseal bone lesion is lo- 
cated in the peripheral aspect of the proximal tibia. 
These peripheral lesions may or may not preserve the 
cortical rim of the tibial condyle. In addition, pe- 
ripheral deficits are often associated with varus defor- 



mity. The typical depth of most bone defects does not 
exceed 5 to 6 mm.^^^ The majority of lesions are usu- 
ally removed with proximal tibia resection during the 
routine arthroplasty procedure. In contrast, central tibia 
lesions are usually found in the metaphyseal region and 
are associated with valgus knees. More commonly, the 
cortical rim is preserved in central defects. However, the 
rim may be involved in extensive lesions. 

The treatment of the bone deficiency is dependent 
on the extent of the lesion following routine tibial re- 
section and whether the cortical rim is preserved. De- 
fects are described as central or peripheral depending 
on their location in the tibial metaphysis. For contained 
defects, the cortical margins are preserved. Cortical ero- 
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Figure 23.35. A: Tibial defect involving over 50% of a tib- 
ial condyle prior to debridement, (depth 12 and 14 mm). 

B: Defects after preparation and grafting with femoral head 
allografts, prior to insertion of tibial component. C: Tomo- 
gram 24 months postoperation shows complete incorpora- 
tion of grafted area. 



sion is associated with noncontained defects. Defects as- 
sociated with inriplant instability exceed 5 mm in depth 
following tibial resection and encompass over 50% of a 
tibial condyle (Fig. 23.35).^^^ Advantages and disad- 
vantages of the options for management of these de- 
fects are addressed. 

Lowering the tibial resection line is mechanically un- 
sound and may cause result in less than optimal sup- 
port for the prosthesis (Fig. 23.36).^^^“^^^ This option 
is feasible only for small areas of bone loss. The strength 
of the tibial bone decreases below the subchondral mar- 
gin. A bone resection 12 mm below the joint line typ- 
ically results in removal of more than 80% of the can- 
cellous bone and may place the implant on cortical, 
rather than metaphyseal, bone.^^^ With more distal cuts, 
there is danger of compromise of important ligament 
attachments. Therefore, it is not recommended to rou- 
tinely resect tibial defects to their bases. 

Strategic positioning of the tibial tray can be used to 
avoid a bone deficit. However, this may require 

the use of a smaller than ideal implant with the poten- 
tial for long-term consequences. 



The most common management of central and pe- 
ripheral bone defects is with the use of bone graft. 
However, for small to medium-sized defects, there are 
numerous options available to the surgeon including ce- 
ment fill, metal wedges, augmentation of the tibial pros- 
thesis with metal wedges or spacers, and modular 
stems. 

Cement 

The indications for use of polymethylmethacrylate 
(PMMA) or cement to fill bone defects is limited. PMMA 
can be used for contained bone defects measuring less 
than 5 to 10 mm in height. Advantages of PMMA 
include availability and simplicity. It achieves full strength 
shortly after curing. The techniques for preparation and 
insertion of cement are not technically demanding. 

The disadvantages of cement, however, are numer- 
ous. The modulus for elasticity for cement is less than 
that of bone. The addition of screws and mesh to ce- 
ment for reinforcement do not provide sufficient struc- 
tural support. Also, adequate penetration of cement into 
bone may not be adequate, and there are not good 
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Figure 23.36. A: Lowering the tibial resection line is mechanically not sound. B: Resection should be minimal combined with 
grafting of the defect, which is a more mechanically sound procedure. 



methods to secure cement. Cement is inferior in its abil- 
ity to resist fixation failure. Furthermore, laminations 
within PMMA are associated with subsequent fragmen- 
tation and loss of component fixation. 

Cement is also not acceptable for use in large bone 
defects. Problems associated with large amounts cement 
include the generation of excessive heat, shrinkage in 
volume during curing, susceptibility to infection, and un- 
acceptable strain at the bone-prosthesis interface under 
axial and varus loading. 

In addition, PMMA is not a viable option for the man- 
aging peripheral bone defects with the loss of the cor- 
tical shell. Cement placed in oblique areas of bone loss 
does not achieve adequate purchase and is subject to 
loosening. 

Metal Wedges 

Metal wedges or spacers are most commonly attached 
to tibial prosthetic components. They are read- 

ily available with most primary and revision total knee 
arthroplasty systems. In addition to convenience and 
simplicity, they can be applied relatively quickly to the 
prosthesis. The modular design of the wedge allows it 
to be placed in multiple positions and it comes in a va- 
riety of sizes. 

Wedges have been used in the treatment of periph- 
eral bone lesions such as a deficient condyle. For tibial 
deficiency, wedges have been used to manage defects 
involving up to 50% of the medial or lateral plateau. 
Wedges can be used in addition to bone graft. In revi- 
sion knees, wedges are useful in instances where it is 
desirable to avoid the use bone graft. Biomechanically, 
they provide sufficient resistance to applied loads and 
optimize stress distribution. 

However, the long-term durability of metal wedges 
and spacers has not been established. Short-term stud- 



ies are encouraging. However, there has not been suf- 
ficient follow-up documenting lasting clinical effective- 
ness. Therefore, wedges are most suitable for small to 
intermediate-sized bone defects in low-demand patients. 
They are not advocated in the management of large 
defects. 

Modular Knee Designs 

Modular knee designs are available for use in managing 
bone loss. Modular systems, however, can be expen- 
sive. In this era of managed care and cost containment, 
the expense of a design system is noteworthy. In revi- 
sion cases, the use of modular stems and wedges can 
cost several times more than reconstruction with bone 
allograft and certain total knee replacement sys- 
tems. 

Custom Implants 

Custom implants are an option for the management of 
severe bone deficiency. Because they are designed to 
the pathology of the individual patient, they theoreti- 
cally offer optimal fit and restoration of biomechanical 
force transmission. However, despite careful preopera- 
tive planning, the custom prosthesis may not fit as 
planned or not at all.^^^’^^^ 

Another potential disadvantage of custom designs is 
an unacceptable time delay during the fabrication of the 
design. Furthermore, additional bone sacrifice may 
be required during the insertion of the implants, which 
may be problematic in cases of future revision surgery. 
Also, in cases of custom prosthetic failure, further bone 
loss may occur. 

Compared to off-the-shelf designs, however, custom 
implants are expensive. Custom prostheses are not cost- 
effective for widespread use. In addition, long-term stud- 
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ies using custom systems are lacking. The indications 
for custom design are limited to problems that cannot 
be addressed by other options. 

Bone Graft 

Techniques for Tibial Deficiency 
Central defects of the tibia are not problematic if the 
remaining rim can support the tibia component. If the 
defect is large and involves a considerable proportion of 
the cancellous bone of the tibia plateau, bone grafting 
is a preferable treatment option. Bone grafting pro- 
vides support for the component that is physiologic and 
offers the opportunity for durability in the long term. 
The strength of tibial cancellous bone decreased with 
the distance from the subchondral plate. In larger 
lesions, it is recommended to build up the deficient 
bone rather than resect the tibia to the base of the 

defect. 

Sculco’s group^^^ describes a technique for man- 
agement of peripheral lesions. This technique may be 
used for peripheral defects involving only metaphyseal 
bone as well as those in which the cortical bone of the 
tibial plateau is also eroded. The eroded tibia is os- 
teotomized, leaving a flat surface of cancellous bone. 
The cancellous surface of bone graft from the resected 
distal femur condyles is placed over the osteotomized 
defect. The graft is temporarily attached with Kirschner 
wires (K-wires) or Steinmann pins. Excess bone is cut 
flush with the tibia plateau. The plateau is prepared for 
insertion of tibia trial prosthesis. The pins are then re- 
placed with bone screws. 

In addition, for peripheral or central tibial bone de- 
fects, Insall^^^ describes a technique for management. 
Following removal of sclerotic bone from its base, the 
defect is also sculpted into a rectangular or trapezoidal 
shape. A block graft, typically from the resected distal 
femur, is fashioned to a matching rectangular or trape- 
zoidal shape. The graft is then inserted and tapped into 
place. Excess bone is removed with a saw and the tibia 
plateau is prepared for the trial prosthesis. 

Altchek et aF^^ reported on 14 patients who had un- 
dergone autogenous bone grafts using the Sculco tech- 
nique. The average follow-up was 4.3 years, with a 
range of 2 to 7.3 years. For all patients, there was graft 
union by clinical and radiographic means. The Insall 
technique is a viable option for small to medium-sized 
defects. The bone graft creates a physiologic support 
for the prosthesis and adds to the bone stock. 

General Principles 

Autogenous or allogeneic bone graft has long been ac- 
cepted in the management of tibial and/or femoral bone 
deficiency. Autogenous metaphyseal bone 

graft is an ideal material in the treatment of bone de- 
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fects because of its cancellous structure, strength, and 
osteoconductive properties. Osteoblasts in the graft ma- 
terial have osteogenic potential, which promote bone 
healing. Healed bone graft offers durable support for 
prosthetic components. 

The key to success in bone grafting is preparation of 
the host bone. The preparation includes removal of all 
sclerotic and nonviable bone from the bone defects. An 
effort is made to preserve the cortical rim and viable 
cancellous host bone. In revision knees, any cement, 
membranous tissue, or other debris is thoroughly re- 
moved. Such debris can interfere with graft incorpora- 
tion. Multiple drill holes are placed into the defect to 
promote vascularization. 

There are many advantages of bone graft for the 
management of bone deficiency. Among the advantages 
are availability and economy. Bone resected from 
femoral of tibial condyles can be a ready source of au- 
togenous bone graft for managing focal deficiencies in 
primary and revision total knee arthroplasty procedures. 
At this time, however, the autogenous iliac crest bone 
is not routinely utilized. Iliac crest bone harvest unnec- 
essarily increases the morbidity of the total knee arthro- 
plasty procedure. 

Bone graft is versatile and can also be obtained in a 
wide variety of sizes and shapes. Size ranges from mor- 
cellized cancellous chips that are more commonly used 
to fill contained defects to bulk proximal tibia or distal 
femoral allografts for massive bone deficits. With 

the use of saw, burrs, and other instruments, bone can 
be fashioned to match shape of the bone deficit. 

Other advantages of bone graft include its biocom- 
patibility. In addition, the mode of elasticity of bone graft 
is comparable to the Load transfer 

is more physiologic with bone grafting than with cement 
fill or custom components. Bone graft offers the addi- 
tional advantage of restoring bone stock. This is espe- 
cially important if revision surgery is later required. Heal- 
ing of the graft to host bone occurs with autogenous 
and allogeneic bone. Autogenous bone graft is particu- 
larly advantageous because of its ability to incorporate 
rapidly. 

Indications for bone grafting includes tibial or femoral 
defects exceeding 10 mm, a defect involving greater 
than 25% to 50% of the tibial surface, large contained 
defects of the femur or tibia, and absence of the distal 
femur or tibia (Fig. 23.37).^^^ 

The appropriate type of bone graft depends on the 
nature of the bone deficit. The goal is to provide a firm 
foundation for the components. Localized bone grafts 
are indicated for use in deficits involving less than 50% 
of the compartment surfaces. Local graft can be best 
obtained from resected distal femoral condyles. While 
autograft is the material of choice, it is not available in 





Figure 23.37. A: Femoral defect exceeding 10 mm in depth. B: Tibial defect approximately 25 mm in depth involving the en- 
tire medial condyle. C and D: After bone grafting of both condyles, a noncemented total knee arthroplasty is performed. Post- 
operative films at 6 months. 
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sufficient quantity to reconstruct larger defects. If the 
deficit is greater than 10 mm or more than 50% of the 
tibial condyle, then the use of allograft is indicated. 
Morcellized allograft can be for defects that do not com- 
promise support for the prosthetic component. For 
larger lesions, structural allograft is more commonly 
used. Bulk allografts consisting of entire proximal tibia 
or distal femoral segments may be necessary in cases 
of global bone loss.^^^ For larger lesions, long-stem 
prosthetic components are used to decrease load.^^^ 

Mechanisms of bone graft failure include varus an- 
gular malalignment, poorly prepared or avascular host 
bone bed, incomplete coverage of the graft by the pros- 
thetic component, inadequate press fit of the graft to 
host bone, and cement extravasation into the host-bone 
interface. 

Hill and Phillips^^^ presented the results of 42 total 
knee arthroplasty procedures using autologous bone 
graft. The defects averaged 7.3 mm laterally and 10 
mm medially in extent. The average follow-up was 3.9 
years. Ninety-eight percent of grafts incorporated to the 
host bone. 

Allograft 

The quantity of autograft may not be sufficient, partic- 
ularly during revision total knee arthroplasty where there 
may have been previous bone resection from prior 
surgery or more extensive bone loss. Allograft is ad- 
vantageous in that it can restore bone stock with a ma- 
terial that is structurally similar to host bone.^^^ It also 
has the ability to heal to host bone. Allogeneic bone is 
also available in a variety of shapes and sizes. Femoral 
heads obtained during total hip arthroplasty are a ready 
source of bone graft. Allograft bone can be morcellized 
and impacted into defects. Alternatively, it can be used 
as a structural graft in block form. 

For larger bone defects, metal wedges or spacers at- 
tached to augment the prosthetic component may not 
be sufficient for adequate reconstruction. The insertion 
of a structural allograft, such as a femoral head graft, 
along with a stemmed prosthetic component is an ex- 
cellent option for treatment of large bony deficits in both 
primary and revision total knee arthroplasty. 

Bulk allograft can be used to replace bone absent 
from the distal femur and/or tibia. If necessary, 
ligaments can be reattached to large structural allografts. 
Reconstruction can also include the management of ex- 
tensor mechanism loss by replacement with an allograft 
containing an attached patellar tendon-patella-quadri- 
ceps extensor complex. When a proximal tibia or distal 
femur allograft is used as a whole segment, it is attached 
to host bone as a composite with the implant. 

Allograft is a viable alternative that when applied 
properly can yield successful results. Important princi- 
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pies for graft success must be applied such as prepara- 
tion of the host bone. Avascular sclerotic host bone, ce- 
ment, and soft tissue must be debrided from the defect 
until healthy bleeding bone appears. Also important is 
an excellent fit of the graft to the host, even without 
necessary adjunctive fixation. 

The bone graft is contoured to allow for maximal sur- 
face contact with host bone. Interference fit of the graft 
into host bone is ideal. At cortical junctions, step cuts 
at the graft-host bone interface can provide some addi- 
tional rotational stability. Fixation can be achieved with 
cancellous or cortical screws. If necessary, plates may 
also be utilized. In addition, fixation of the prosthesis 
has a guarded prognosis if it relies on the allograft bone 
for support. 

The use of a long-stem tibial prosthesis that engages 
the diaphysis enhances the success of larger grafts by 
reducing loads by 30%.^^^ Stemmed prostheses help 
protect the grafts during the incorporation process by 
reducing stress at the bone-implant-host-bone inter- 
face. By reducing stress, long-stem components 
may extend the fatigue life of the graft. Cement may be 
used to fix the implants. Press-fit components have been 
used. However, allograft is avascular. Bony ingrowth of 
allograft bone to the porous implant may not occur. 

The disadvantages of bone allografts include slow in- 
corporation, weakening during the revascularization 
phase with resultant collapse or fracture, nonunion, re- 
sorption, and infection. There is also a risk of dis- 

ease transmission. However, living donors provide 
the opportunity for extensive testing and screening. For 
structural allografts, protected weight bearing is required 
until incorporation is seen. It may take months for ra- 
diologic signs of incorporation to be seen. In addition, 
an extended period of rehabilitation is required. There 
is also a potential for the risk of immunogenicity. How- 
ever, this risk is minimized if the marrow elements are 
not removed. 

An allograft technique described by Engh and 
Parks^^^ is effective for large tibial or femoral bone loss. 
Structural allograft is provided with the use of a fresh 
frozen femoral head. Acetabular reamers are used to 
precisely contour the graft and host and maximize sur- 
face contact. Male acetabular reamers are used to pre- 
pare the host bone. After a vascular bed of cancellous 
bone is created. A female acetabular reamer is utilized 
to contour the femoral head allograft. Interference fit is 
accomplished by sizing the graft 2 mm larger than the 
host site. The graft is provisionally fixed with K-wires. 
The tibia or femoral plateau is prepared to receive the 
trial prosthesis. Later the wires are removed and corti- 
cal or cancellous screws are used to secure the graft to 
the host bone. 

Engh et aF^^ reported the Anderson clinic experi- 
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ence using femoral head allograft in revision total knee 
reconstruction. There were 21 grafts used in 21 pa- 
tients. The average follow-up was 51 months. Modular 
or custom prosthetic components were used. Cemented 
revisions averaged 87 on the Knee Society Score. Four 
custom prostheses were used without cement. Clinical 
results with cementless fixation were not as encourag- 
ing. Three of the four press-fit components subsided 
within the first 2 years and patients reported mild pain 
with walking. There were no revisions or reoperations. 

Other authors reviewed the results of bone grafting 
for treating bone defects in primary and revision total 
knee arthroplasty and allograft. Overall, the results are 
encouraging. Complications in some cases were high. 
However, this does not diminish the overall effective- 
ness of bone grafting. In spite of complications and fail- 
ure, numerous authors continue to advocate the use of 
bone graft in the management of osseous deficiency. 
Many complications reviewed in retrospect could have 
been avoided. 

Overall, authors emphasize the need for meticulous 
preoperative planning and operative technique. To re- 
duce failures, basic principles must be followed. For ex- 
ample, a vascular host bed is required for graft healing. 
In addition, a stable graft-host prosthesis construct is es- 
sential. A precisely contoured graft with interference fit 
to the host bone also is ideal. Structural allografts must 
be attached to the host bone with sound internal fixa- 
tion techniques including screw fixation and, if neces- 
sary, plates. Long-stem components are also recom- 
mended to reduce stress on the underlying bone. Finally, 
protected weight bearing is required until the graft in- 
corporates. 

The use of cement for implant fixation is a matter of 
debate in the literature. However, if cement is used, 
most favor applying it to the tibial plate, not the stem 
or the intramedullary canal in its path. 

In addition, Samuelson^^^ presented the results of 22 
patients with allograft and press-fit implants of the tibia. 
At an average of 15 months, 16 of 22 grafts showed 
radiographic signs of incorporation. 

Revision Total Knee Arthroplasti;. Bone deficiency 
commonly accompanies failed cemented total knee 
arthroplasty. Early failure associated with stable com- 
ponents usually results in minor bone loss. However, 
tibial bone loss can be particularly extensive following 
cemented total knee arthroplasty. Cancellous tibial 
metaphyseal bone as well as the peripheral cortical rim 
may become eroded. In revision surgery, the proximal 
tibia or distal femoral bone may appear to have a fun- 
nel shape due to the loss of metaphyseal bone. There 
may be complete erosion of the distal femur or proxi- 
mal tibia. A biologic response to particulate wear debris 



ultimately weakens the mechanical bone between the 
implant and the host bone, causing aseptic component 
loosening and osteolysis. Component migration and col- 
lapse may further compromise underlying bone. 

Also, bone remodeling under cemented or nonce- 
mented total knee replacement components is associ- 
ated with a reduction in bone strength. Following im- 
plant removal, the underlying cancellous bone may be 
soft and easily compressed with digital pressure. In ad- 
dition to bone deficiency, there may be fibrosis and con- 
tracture of the extensor mechanism. Extensile surgical 
approaches are required for adequate exposure. Thus, 
reconstruction of large bone defects in revision total 
knee arthroplasty can be challenging. 

In massive tibial femoral bone loss, the options for 
management includes arthrodesis, amputation, custom 
prostheses, and bone allograft. 

Contemporary revision knee arthroplasty compo- 
nents offer canal-filling stems to enhance component 
stability and reduce stress on the metaphysis. The im- 
plants can be augmented fixed or modular wedges to 
compensate for the bone loss and restore the joint line. 
However, with large or massive bone loss augmented 
components may not be sufficient. Bulk structural allo- 
grafts consisting of entire proximal tibia or distal femur 
segments may be required for management. 

Mnaymneh et aF^^ evaluated 14 allograft-prosthesis 
constructs for severe bone loss. Extensive loss of an en- 
tire bone end was treated with distal femoral or proxi- 
mal tibial segmental allograft. The average follow-up was 
40 months. There was an 86% host-graft union rate. 

Stockley et aF^^ reported a 100% graft union rate 
in their series of 32 allografts used to reconstruct large 
bone deficits. There were 18 revision and two primary 
total knee arthroplasties performed in 20 knees. The 
bulk allografts replaced the distal femur in 12 of 16 
femoral reconstructions and 11 of 16 tibial defects. 
While three infections occurred, they were not believed 
to have originated from the allograft. The average 
follow-up was 4.2 years. 

Mow and WiedeF^^’^^^ reported the results the Uni- 
versity of Colorado’s experience with structural allografts 
for managing large bone defects in cementless revision 
total knee arthroplasty. There was an average follow-up 
of 5.6 years with a range of 2.4 to 10 years. There 
were 17 revisions in 16 patients. Only one tibial com- 
ponent loosened. In an earlier report, 13 of 15 allo- 
grafts in patients with revision total knee arthroplasty 
showed radiographic signs of incorporation of the graft. 

In addition, Tsahakis et aF^^ reviewed 36 allografts 
in 21 revision total knee arthroplasties. There was an 
average follow-up of 3.5 years. All allografts incorpo- 
rated or healed to host bone. No complications were 
reported. 
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Also, Whiteside^^^’^^^ presented the results of 56 
bone grafts with cementless revision total knee arthro- 
plasty. The short-term results showed only one incident 
of tibial component loosening. 

Furthermore, Malefijt et al^^^ studied 36 patients with 
bone grafting and cemented total knee arthroplasty. 
Twenty-three patients had morcellized grafts; 22 had 
solid structural grafts. There was a mean follow-up of 3 
years. The mean IKS clinical score was 90. In 11 of 14 
cases in which morcellized graft was used, graft incor- 
poration was seen. 

A small study by Ullmark and Hovelins^^^ reported 
the results of three cases of intramedullary impaction 
with morcellized bone graft for tibial deficiency. Despite 
these encouraging preliminary results with morcellized 
graft for large bone defects, Engh and others advocate 
that morcellized graft offers minimal support for the an- 
ticipated axial loads during weight bearing. The stabil- 
ity of the component is less dependent on the prosthetic 
stem when a structural graft is used for mechanical sup- 
port. 

Elia and Lotke^^^ presented the results of a series of 
40 revision total knee arthroplasties in 38 patients. Pa- 
tients were followed for an average of 41 months with 
a range of 2 to 9 years; 75% of knees were considered 
excellent or good results. However, in this study there 
was a 30% complication rate, the majority of which 
were wound complications. 

CONCLUSION 

Bone loss is seen in both primary and revision total knee 
arthroplasty. Bone loss is associated with angular de- 
formity in primary knees and osteolysis in revision 
knees. Multiple options exist for management depend- 
ing on the location, severity, and extent of the bone de- 
ficiency. Selecting the most appropriate treatment op- 
tion depends on numerous variables including quality of 
the patient’s bone stock, availability of materials, and 
surgeon experience. With good surgical technique and 
adherence to basic principles, good results can be ob- 
tained. 
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Chapter 24 



Heterotopic Ossification Following 
Total Knee Arthroplasty 



Vincent D. Pellegrini, Jr. 



I n contrast to the well-known association with total 
hip arthroplasty, heterotopic ossification (HO) fol- 
lowing total knee replacement has largely been re- 
garded as a coincidental radiographic curiosity of little 
clinical importance. While rarely impuned as responsi- 
ble for any compromise in the functional result of pros- 
thetic knee arthroplasty, there have been isolated case 
reports of such dramatic magnitude as to attract the at- 
tention of the knee surgeon. In its most florid form bony 
ankylosis may result; inflammation and ossification 
within the suprapatellar extensor mechanism is a more 
frequent sequela of lesser degrees of involvement. Not- 
withstanding these noteworthy reports, the true clinical 
significance of ectopic bone formation about the knee 
following prosthetic arthroplasty remains to be defined. 

THE CLINICAL PROBLEM 

Unlike after total hip arthroplasty, heterotopic bone for- 
mation following total knee arthroplasty (TKA) is an in- 
frequent and poorly defined event. Case reports of ques- 
tionable clinical significance populated the early 
literature on the subject. In 1973 Freeman^ noted a case 
of ectopic calcification following cemented primary TKA 
in a patient with a previously ankylosed knee. Engel- 
brecht et al^ in 1976 and Booth and King^ in 1979 
then each reported two cases of myositis ossificans that 
occurred following constrained and tricompartmental 
primary TKA, respectively. McClelland and Rudolf^ in 
1986 added a case of myositis ossificans that occurred 
following porous ingrowth primary TKA. Two years 
later Scott et al^ noted HO in a patient with severe os- 
teoarthritis and a preoperative range of motion of only 
30 degrees. More recently, symptoms related to snap- 



ping of the extensor mechanism over a prominent mass 
of ectopic bone on the anterior femur and painful stiff- 
ness associated with a defined mass of HO within the 
quadriceps tendon have been reported to be amenable 
to surgical resection of the offending bone. 

Notwithstanding these sporadic examples of clinically 
meaningful HO following TKA, radiographic surveys 
provide the best approximation of the magnitude of the 
problem. In a purely radiographic study. Lovelock and 
colleagues^ in 1984 reviewed roentgenograms from 
224 TKAs performed over a 6-year period in a popu- 
lation with a diagnosis of osteoarthritis in 66% and with 
Spherocentric (Howmedica, Rutherford, NJ) compo- 
nents implanted in 60% of knees. They noted some de- 
gree of HO in 22 knees (10%); in 18 only a few bony 
fragments were observed in the soft tissues as an inci- 
dental radiographic finding. Of the four knees with mod- 
erate HO, two involved the quadriceps mechanism and 
were felt to be associated with painful limitation of mo- 
tion, although no surgical treatment was undertaken. 
They noted an additional 5 patients (2%) with aseptic 
periostitis about the distal femur of uncertain clinical sig- 
nificance and concluded that severe HO does not occur 
following TKA. 

Subsequently HO after TKA has been the subject of 
five clinical series in which radiographic appearance was 
correlated with functional outcome. A total of 1,058 
TKA were reviewed in these studies with a 14% (149 
of 1,058 knees) overall radiographic prevalence of HO, 
ranging from 3.8% to 42% in the individual series. Each 
report proposed a different classification scheme, pre- 
cluding aggregate analysis of radiographic severity of 
HO, but a total of only 5 (0.5%) patients offered symp- 
tomatic complaints that were attributed to the HO by 
the respective authors. If the radiographic series of Love- 
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lock is included, an overall prevalence for HO of 13.3% 
(171 of 1,282 knees) has been observed following TKA, 
with less than 0.5% (7 of 1,282 knees) producing symp- 
toms of pain, snapping of the extensor mechanism, or 
stiffness. Of these seven symptomatic knees, two (0.2%) 
underwent reoperation for removal of a bothersome 
mass of heterotopic bone. 

As a more sensitive measure of the effect of HO on 
the functional performance of TKA, objective assess- 
ment of the postoperative range of motion has been 
correlated with the radiographic appearance of HO.^’^^ 
A statistically significant reduction of 14 degrees, com- 
pared with a loss of 3 degrees in control knees, from 
preoperative to postoperative flexion range was ob- 
served in association with HO measuring greater than 
5 cm in length within the extensor mechanism.^ This 
resulted in mean maximum flexion of 92 degrees in the 
8% of knees with grade B HO compared with maxi- 
mum flexion of 104 degrees in knees without such ex- 
tensive HO. Furthermore, such a loss of postoperative 
flexion of 12 degrees was felt to represent a clinically 
meaningful compromise in knee function. Unlike the ex- 
tent or grade of HO, whether the HO was attached to 
the anterior femur or free-floating in the soft tissues of 
the extensor mechanism (class) had no influence on fi- 
nal knee flexion. Therefore, the extent of HO, as as- 
sessed by radiographic grade, was a better predictor of 
follow-up range of motion than the location of HO, as 
assessed by radiographic class. In another series, Ana- 
polle and Stuchin^^ observed a 5.9-degree improvement 
in postoperative range of motion in patients without HO 
compared with a 4.3-degree loss in patients with any 
radiographic evidence of HO following TKA. 

The most significant implication is that HO may act 
as a marker for an abnormality of soft tissue matura- 
tion. Limitation of knee flexion in the more severely in- 
volved knees may possibly result from direct interfer- 
ence with the extensor mechanism by the bulk of the 
HO. Alternatively, it is more likely that HO is only a 
local manifestation of a systemic predisposition for fi- 
brosis and joint stiffness following surgical insult. Bio- 
chemical and histologic studies have highlighted differ- 
ences in osteoblasts derived from heterotopic bone. In 
culture, HO-derived osteoblasts produced three times as 
much osteoid as similar cells from age-matched controls; 
this observation may reflect a generalized metabolic hy- 
peractivity of the cell populations associated with this 
tissue. Similarly, it is plausible that HO is mechanisti- 
cally related to the condition of arthrofibrosis as ob- 
served most commonly following acute knee injury or 
reconstruction of the anterior cruciate ligament. As such, 
the appearance of HO following TKA may herald a com- 
promised range of motion based on a pathologically ag- 
gressive healing response of the pericapsular tissues to 



operative trauma about the knee. Better identification 
of the population at risk may allow preoperative phar- 
macologic intervention directed at modifying the heal- 
ing response in these patients. 

CLINICAL PRESENTATION 

Prior to the appearance of radiographic signs of bone 
formation needed to establish the diagnosis of HO, the 
patient with this condition following TKA is indistin- 
guishable from a much larger group of patients who 
struggle through a stormy early postoperative course. 
Most unfortunately, these radiographic hallmarks of the 
condition are not apparent on plain x-rays for 6 to 8 
weeks following operation. Once mechanical causes 
of restricted range of motion are ruled out, such as 
flexion-extension gap imbalance or an overstuffed 
patellofemoral joint, the challenge to the surgeon is to 
distinguish the largely benign condition of HO from oth- 
ers with a much poorer prognosis that require prompt 
therapeutic intervention. 

The clinical presentation is one of a painful, warm, 
swollen, and often visibly inflamed and erythematous 
knee. Physical therapy progresses slowly and the early 
gains in range of motion quickly disappear to leave an 
unsatisfactory arc during the first few months. The dif- 
ferential diagnosis at this time includes an ominous list 
of dreaded complications, most noteworthy of which are 
deep infection and reflex sympathetic dystrophy (RSD). 
A painfree arc usually exists, albeit less than expected 
by both patient and surgeon, which helps to differenti- 
ate this condition from the septic prosthetic joint. The 
sedimentation rate is usually normal in the setting of HO 
but may be elevated in its acute inflammatory phase. 
Should concerns over the diagnosis remain, the joint 
must be aspirated to rule out deep sepsis. RSD is less 
readily distinguished from the patient with HO in the 
early inflammatory phase. Both conditions are marked 
by pain out of proportion to the physical examination 
and signs of sympathetic overflow and inflammation 
may appear indistinguishable. A diagnostic and thera- 
peutic trial of a lumbar sympathetic blockade may be 
helpful but is infrequently pursued at this early stage 
postoperatively. Tricyclic antidepressants and related 
agents with efficacy in the setting of neurogenic pain 
assist the RSD patient, while nonsteroidal antiinflam- 
matory agents ameliorate the symptoms of HO. How- 
ever, neither class of drugs has therapeutic specificity to 
allow a definitive diagnosis to be made until the surgeon 
and patient have both suffered through a seeming eter- 
nity of 6 to 8 weeks until the radiographic appearance 
of the typical ossification pattern on the routine post- 
operative films (Fig. 24.1). 
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Figure 24.1. Two-month postoperative radiograph of a pa- 
tient following total knee arthroplasty who manifests pain, 
swelling, erythema, and stiffness in her early postoperative 
course. Aspiration of the knee to rule out infection produced 
clear sterile fluid. At 1 year postoperatively she had a range 
of 10 to 90 degrees and was pain free and independent of 
assistive devices for ambulation. 

After the radiographic diagnosis of HO is made, em- 
pirical continuation of nonsteroidal antiinflammatory 
agents is appropriate and assists in controlling symp- 
toms. The impact of such a regimen on the ultimate ra- 
diographic or functional outcome, however, has not 
been determined in any clinical trial and remains a mat- 
ter of conjecture. Symptoms usually abate over the first 
3 months and range of motion will again improve, pro- 
vided the regimen of physical therapy is followed for 6 
to 12 months. The final range of motion is less than 
that observed after otherwise uncomplicated TKA and 
takes longer to obtain, but most patients will enjoy a 
90-degree arc with modest functional limitation. As al- 
ready mentioned, the rare patient will experience per- 
sistent symptoms of pain, tenderness, or snapping of 
the extensor mechanism referable to a mass of ectopic 
bone inconveniently located on the anterior surface of 
the distal femur. Even fewer will require resection of the 
mass to control symptoms. 

RADIOGRAPHIC ASSESSMENT 

The radiographic diagnosis of HO is one with little am- 
biguity after the appearance of progressive calcifications 
within the soft tissues or sessile bony outgrowths from 



the femur or tibia on the postoperative x-rays. While 
bony excrescences have been noted on all surfaces of 
the femur and tibia, the location most closely associated 
with symptomatic ossification or restriction of motion is 
the anterior surface of the distal femur. Several authors 
have proposed radiographic classification systems for as- 
sessment of the severity of HO following knee arthro- 
plasty. If the value of any classification schema lies in 
its ability to predict clinical outcome and direct subse- 
quent intervention, that of Furia and Pellegrini^ is of 
greatest utility. Based on the relationship of the ossified 
mass to the surface of the distal femur (class) and the 
extent of ossification (grade), this system has been 
shown to correlate closely with both postoperative range 
of motion and subjective patient complaints. 

Heterotopic ossification is first sought on the 6-week 
postoperative and all subsequent anteroposterior and lat- 
eral radiographs. HO is identified as bone islands or 
spurs most readily seen on the lateral radiograph. Find- 
ings consistent with HO must progress in size and/or 
mineralization on postoperative radiographs to be con- 
sidered ectopic bone formation, as distinguished from 
static postsurgical changes or ossification residual from 
a previous operation. Class I consists of islands of bone 
localized to the extensor mechanism and suprapatellar 
soft tissue areas of the distal femur (Fig. 24.2). Class II 
bone is organized into sessile areas of ossification con- 
tiguous with the anterior surface of the distal femur (Fig. 
24.3). The two grades of HO are defined based on the 
size of the largest segment of bone: grade A <5 cm 
and grade B >5 cm (Figs. 24.4 and 24.5). Five cen- 
timeters was empirically chosen as the transition point 




Figure 24.2. Lateral radiograph of class I grade A heterotopic 
ossification in the suprapatellar soft tissues anterior to the dis- 
tal femur. 
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Figure 24.3. Lateral radiograph of class 11 grade A hetero- 
topic ossification contiguous with the anterior surface of the 
distal femur. 

between grades because of a naturally occuring split at 
this value separating knees with normal from those with 
restricted range of motion. The extent of ossification, 
or grade, was most closely associated with decreased 
functional outcome of the knee arthroplasty.^ 




Figure 24.4. Lateral radiograph of class I grade B heterotopic 
ossification in the suprapatellar soft tissues measuring 5 cm 
in length. 




Figure 24.5. Lateral radiograph of class 11 grade B hetero- 
topic ossification with a segment of ectopic bone attached to 
the anterior femur greater than 5 cm in length 



PATHOPHYSIOLOGY 

Owing to the greater prevalence of HO complicating 
surgery about the hip, much of the basic science inves- 
tigation on this subject has utilized either a hip surgery 
or long-bone fracture model. Nonetheless, with the no- 
table difference that the knee is endowed with a less 
abundant muscle envelope than the hip, the biologic 
mechanisms operative about the hip are equally applic- 
able to the knee.^^ 

The cellular mechanisms of HO remain unclear. Es- 
sential to this issue is the question of anatomic origin of 
the pluripotential mesenchymal cells participating in the 
process of bone formation within the soft tissues. Trans- 
formation of local cells into bone-producing elements 
has been proposed by many investigators. Geshick- 
ter and Maseritz^^ hypothesized that trauma to muscle 
leads to hemorrhage, muscle degeneration, and prolif- 
eration of perivascular connective tissue, and finally cul- 
minates in the production of heterotopic bone. Studies 
in an animal model using ^H-labeled thymidine and uri- 
dine demonstrated that local soft tissue fibroblasts adja- 
cent to an implanted demineralized bone fragment were 
induced to transform into pluripotential mesenchymal 
cells that differentiated into osteoblasts.^^ Pluripotential 
mesenchymal cells are ubiquitous in the soft tissues and 
periosteum, and it is postulated that these cell lines may 
be induced to undergo atypical differentiation into osteo- 
genic stem cells capable of participating in the process 
of HO. Maturation of these cells down either osteoblastic 
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or chondroblastic stem cell lines could then lead to the 
formation of detectable heterotopic bone. However, to 
date a specific initiating agent and local tissue factors 
have not been identified in the local regional milieu fol- 
lowing operative trauma. 

Alternatively, other authors have postulated that dis- 
tant migratory hematopoietic stem cells may be essen- 
tial to inducing local connective tissue elements to form 
heterotopic bone.^"^’^^’^^ Pluripotential mesenchymal 
cells and osteocytes are liberated from the marrow space 
of neighboring bones during arthroplasty surgery and 
are likely present in the local hematoma. They may con- 
tribute to the process of HO either by direct bone for- 
mation or indirectly via stimulation of local cells to ex- 
press osteogenic phenotypes. Distant hematopoietic 
stem cells transported to the wound by virtue of the nor- 
mal inflammatory response to surgical injury also pos- 
sess the capability to mature along osteogenic cell lines 
under the influence of mitogenic stimuli in the wound 
environment. 

In 1975 Chalmers and associates'"^ postulated that 
three requisite conditions must be met to allow hetero- 
topic bone formation: (1) the presence of an inducing 
agent, (2) an osteogenic precursor cell, and (3) an en- 
vironment conducive to osteogenesis. Relative to the 
stimulatory agent, Urist and colleagues^^"^"^ have iso- 
lated a bone-inducing factor that they have used to re- 
produce the process of HO in a laboratory animal 
model. Puzas and associates^ have reported that 
“bone dust” recovered from patients who formed het- 
erotopic bone stimulated the proliferation of isolated 
bone progenitor cells in culture sixfold that of similar 
material extracted from patients who did not form het- 
erotopic bone. The exact mechanism of this stimulation 
appears to be related to an exceptionally high level of 
detectable growth factors in the heterotopic bone ma- 
trix and remains under investigation.^^ Similarly attest- 
ing to the metabolic hyperactivity of this tissue, histo- 
morphometric and biochemical data have demonstrated 
heterotopic bone to contain more than twice the num- 
ber of active osteoclasts and to have a rate of apposi- 
tional new bone formation nearly three times that 
of normal age-matched bone.^^ A stimulatory protein, 
isolated in greater amounts from heterotopic bone 
than normal control bone, has been shown to induce 
both osteoprogenitor cell proliferation and collagen 
synthesis. 

Regardless of the site of origin of these pluripotential 
mesenchymal cells, HO would seem to be clearly de- 
pendent on cellular differentiation down osteoprogenitor 
cell lines. Likewise, ionizing radiation is known to exert 
its greatest influence on rapidly dividing cells by inter- 
fering with the normal production of nuclear deoxyri- 
bonucleic acid (DNA).^^’^^’^^ Tonna and Cronkite^^ 



have demonstrated in mice that differentiation of pluripo- 
tential mesenchymal cells into osteoblasts began 16 
hours following fracture of the femur and peaked at ap- 
proximately 32 hours postinjury. In their model the crit- 
ical events of cellular differentiation occurred in the im- 
mediate postoperative period. A similar chronology may 
be extrapolated to the sequence of HO, even though 
the actual heterotopic bone is not detectable radio- 
graphically for several weeks following operation. There- 
fore, to be most effective, it would seem essential that 
irradiation or other intended prophylactic agents be ad- 
ministered early enough in the postoperative period to 
prevent osteoblastic differentiation of pluripotential mes- 
enchymal stem cells, effectively arresting osteoid and 
subsequent heterotopic bone formation in the initial 
phases of cellular reorganization. 

Further analysis of the clinical data concerning radi- 
ation prophylaxis is instructive. Both limited field por- 
tals and radiation administered preoperatively have been 
shown to be as effective as conventional postoperative 
expanded field irradiation in preventing heterotopic 
bone formation about the hip. These clinical results im- 
ply that the source of the osteoprogenitor cells is the 
local operative environment rather than a distant source 
providing cells via a chemotactic attraction to the sur- 
gical wound. The responsible cells would then logically 
be present in the immediate operative field at the time 
of operation in order to be modified by a restricted field 
radiation beam applied prior to the time of surgical 
trauma. This hypothesis would seem to lend itself nicely 
to the situation of HO about the knee. In this setting 
there is a sparse muscle envelope and the preponder- 
ance of heterotopic bone forms in close association with 
the anterior cortex of the distal femur or the immedi- 
ately adjacent soft tissues of the extensor mechanism. 
A rational, yet scientifically unproven, assumption would 
be that the responsible osteoprogenitor cells reside in 
the periosteal tissues of the distal femur and are liber- 
ated during operative exposure and preparation of this 
region during TKA. 

RISK FACTORS AND PROPHYLAXIS 

Heterotopic ossification has been associated with nu- 
merous conditions including hip surgery, spinal 
cord trauma, burns, head injury,^"^ and frac- 
tures. Most common after total hip arthroplasty 
(THA), HO is now also recognized to occur after 
knee,^’^“^’^^ shoulder,^^ and elbow arthroplasty. In 
comparison to the figures presented for knee replace- 
ment, the radiographic prevalence of HO following pri- 
mary THA has been reported to be between 8% and 
90%, and is clinically significant in 5% to 10% of cases 
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where extensive heterotopic bone formation will cause 
pain and result in a diminished range of motion, which 
may negate the anticipated functional benefits of the op- 
eration. Risk factors following surgery 

about the hip have included male gender, previ- 
ous diffuse idiopathic skeletal hyperosto- 

sis,35,65 ankylosing spondylitis, and hypertrophic 
osteoarthritis. The combination of such an overwhelm- 
ing frequency of HO after hip surgery, well-established 
risk factors, and the severe functional compromise that 
may ensue have resulted in well-defined guidelines for 
the application of either external beam irradiation or 
nonsteroidal antiinflammatory agents as methods of pro- 
phylaxis following THA in high-risk patients. 

In contrast, neither risk factors nor recommendations 
for prophylaxis are clearly defined as they relate to HO 
following TKA, owing largely to the less severe conse- 
quences of HO after knee replacement compared with 
hip arthroplasty and the relatively recent appreciation 
of the condition after TKA. Clearly defined risk factors 
include hypertrophic osteoarthritis with tricompartmen- 
tal disease and prominent osteophytes, especially on the 
lateral view of the patella, measuring 2 cm or more in 
length.^ Posttraumatic arthritis and a fixed combined bi- 
planar deformity of the knee greater than 15 degrees 
are significantly associated with development of HO, al- 
beit without compromise in clinical function.^ Notably, 
the same authors observed no increase in risk of HO 
with soft tissue release for even a severe single-plane 
fixed deformity about the knee. Previous HO, of either 
the contralateral knee or about another joint, is associ- 
ated with greater risk of HO after TKA, attesting to the 
systemic nature of the diathesis for this process. In one 
series, eight of 11 patients (73%) with preexisting het- 
erotopic bone at other sites developed HO in the index 
knee following primary TKA.^ Finally, in the rare in- 
stance of takedown of a knee arthrodesis with conver- 
sion to TKA, analagous to the similar situation about 
the hip, prophylactic irradiation has been useful in dis- 
couraging recurrent ossification and ankylosis across the 
new prosthetic knee joint. 

A systemic diathesis for this condition is further sup- 
ported by the finding that elevated mean lumbar spine 
bone mineral density (BMD) predicted formation of HO 
in patients undergoing TKA.^ One-way analysis of vari- 
ance (ANOVA) demonstrated a significant elevation of 
the lumbar BMD in the region of vertebrae two through 
four in patients with HO after TKA compared to age-, 
gender-, weight-, and height-matched controls (p < .01). 
For all patients with HO, mean BMD at each individual 
level from the first to the fourth lumbar vertebrae was 
also significantly elevated compared to the control 
group. Furthermore, for all patients with HO mean lum- 
bar spine BMD was significantly elevated compared with 



a matched control group of patients undergoing TKA 
but not forming HO (p < .05). HO following primary 
TKA correlates with limitation of postoperative knee 
flexion and was predicted by increased lumbar BMD. 
Preoperative assessment of spinal BMD may identify 
those patients at risk for HO and provide a quantitative 
measure for institution of preoperative prophylaxis and 
modification of postoperative rehabilitation to optimize 
functional outcome following TKA in these patients. 

At-risk situations for HO peculiar to the knee include 
extensive dissection and injury to the periosteum and 
soft tissues anterior to the knee as well as anterior cor- 
tical notching of the femur. While both cementless ap- 
plication of the femoral component and use of methyl- 
methacrylate have been implicated as factors, there is 
no convincing evidence to reliably support either claim 
as a risk factor for On the other hand, ma- 

nipulation of the knee for poor recovery of range of 
motion following prosthetic replacement has been 
strongly associated with not only occurrence of HO but 
also with functional compromise attributable to stiffness 
and a mass effect from the ectopic ossification. Daluga 
et al^^ specifically investigated the outcome of manipu- 
lation following TKA and noted HO in 17 of 60 pa- 
tients (28%) whose knees were manipulated. Despite 
this association, in their series HO affected neither the 
final range of motion nor the Hospital for Special 
Surgery (HSS) knee score, and was regarded as an in- 
cidental radiographic finding. However, numerous other 
anecdotal reports of HO following manipulation of the 
prosthetic knee provide strong circumstantial evidence 
for the association of clinically significant HO in this set- 
ting. 

CONCLUSION 

Numerous factors influence postoperative function and 
range of motion following TKA, including preoperative 
range of motion, component alignment, change in po- 
sition of the joint line, posterior cruciate retention or 
sacrifice, knee laxity, the type of prosthesis, surgical 
technique, and the systemic predisposition of the pa- 
tient.^^’^^“^^ Given the variability of pathologic anatomy 
about the knee and operative approaches to its treat- 
ment, it is impossible to control all of these clinical vari- 
ables for a rigid scientific analysis. Nonetheless, there is 
considerable evidence to establish a relationship be- 
tween the occurrence of heterotopic ossification and 
compromise in function of the knee following total joint 
replacement. 

As is true following total hip arthroplasty, HO fol- 
lowing TKA is manifest by restricted joint motion, as 
well as pain in the early inflammatory phase, compro- 
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mising an otherwise technically successful operation. 
Clinically, this presentation in the early postoperative 
period must be distinguished from a similar constella- 
tion of signs and symptoms associated with RSD as well 
as deep infection. The diagnosis is easily made after the 
radiographic appearance of ossification in the soft tis- 
sues anterior to, or contiguous with, the distal femur on 
the lateral radiograph. The Brooker classification of HO 
following total hip arthroplasty is well accepted, and is 
based on the location and severity of the ectopic ossifi- 
cation.^^ A comparable scheme for HO following TKA 
has noted that the extent or size of the focus of HO 
(grade) is more predictive of final knee flexion than is 
the location (class) of the ectopic ossification.^ Despite 
more profound stiffness in the first few months follow- 
ing operation, continued diligence in physical therapy 
most often results in a range of motion 10 to 15 de- 
grees less than observed in unaffected knees after a more 
protracted period of 6 to 12 months postoperatively. 

Identification of the at-risk population holds the po- 
tential for preemptive intervention in mitigating the ef- 
fects of HO after knee arthroplasty. While routine 
screening for elevated BMD may not be cost-effective, 
in patients with preexisting HO, hypertrophic osteo- 
arthritis, or severe fixed biplanar deformity about the 
knee, preoperative measurement of BMD may be an ef- 
fective method for quantitatively assessing this at-risk 
population. In this subset of patients, some form of HO 
prophylaxis may be indicated and a more prolonged 
course of postoperative rehabilitation, aided by phar- 
macologic or radiation-induced modification of the heal- 
ing response, may ultimately prove to be beneficial in 
achieving maximum range of motion and optimizing 
functional outcome following TKA. The practical bene- 
fit of these theoretically rational interventions remains 
to be proven in controlled clinical trials. 
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Chapter 25 



Recurrent Hemarthrosis After 
Total Knee Arthroplasty 



Kirk A. Kindsfater 



S pontaneous recurrent hemarthrosis after total 
knee arthroplasty (TKA) is an uncommon but 
well-recognized clinical entity. It occurs in less 
than 1% of TKAs and is seen primarily by surgeons who 
perform a large number of total joint arthroplasties. 

Although spontaneous hemarthrosis after TKA is 
rare, when it does occur it is often recurrent and can 
be disabling to the patient. In addition, this entity often 
presents a diagnostic and treatment challenge to the or- 
thopedic surgeon, as there is a paucity of literature on 
this subject, which is limited to a few case reports and 
a moderately sized study of 30 patients. 

DEMOGRAPHICS 

Patients with hemarthrosis after TKA most often pre- 
sent with spontaneous development of knee swelling, 
warmth, pain, and a grossly bloody effusion upon aspi- 
ration. Antecedent trauma is occasionally present, but 
most cases occur de novo.^’^ 

The underlying diagnosis present prior to TKA does 
not appear to influence the risk of recurrent hemarthro- 
sis, as this entity has occurred in total knees performed 
for osteoarthritis, inflammatory arthropathies, and avas- 
cular necrosis. Most knees in which recurrent hemar- 
throses have presented have been cemented knees, but 
they have also occurred in press-fit arthroplasties.^ 
There does not appear to be any relationship between 
recurrent bleeds and whether the prosthesis is cruciate 
sparing or cruciate substituting or sacrificing.^ 

Intrinsic disorders of coagulation increase the risk of 
recurrent hemarthrosis, but most patients who develop 
this entity do not have a known coagulation disorder. 
Approximately one-third of patients reported in the 



literature may have been predisposed to bleeding 
secondary to the administration of medication with anti- 
coagulant properties, e.g., warfarin, aspirin, or nonste- 
roidal antiinflammatories. 

The average interval from implantation of the pros- 
thesis until the first hemarthrosis averages approxi- 
mately 2 years, but has ranged from 2 weeks to 12 
years. ^ Most patients have multiple recurrences. In the 
study by Kindsfater and Scott, ^ the average number of 
recurrences was 5.5 with a range of 1 to 20. The in- 
terval between bleeds can range from a few days to 1 
year.^ 

PATHOGENESIS 

Recurrent hemarthrosis of the native knee is a common 
clinical entity, and multiple causes have been described, 
including hemophilia, pigmented villonodular synovitis, 
intraarticular and juxtaarticular vascular tumors, chon- 
drocalcinosis, gout, and degenerative tears of the pos- 
terior portion of the lateral meniscus.^"^^ 

In contradistinction, recurrent hemarthrosis after 
TKA is uncommon and its causes are less well defined. 
The most common identifiable cause of recurrent he- 
marthrosis after prosthetic arthroplasty appears to be 
entrapment of synovial tissue or the fat pad between 
prosthetic surfaces (Fig. 25.1). However, over 50% of 
all recurrent bleeds do not have an identifiable etiology 
and are therefore felt to be idiopathic. If tissue entrap- 
ment is not elucidated as the cause of recurrent bleed- 
ing, a juxtaarticular tumor or intraarticular vascular mal- 
formation can be identified with angiography, but this 
is extremely rare. 

Pigmented villonodular synovitis has been described 
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Figure 25.1. Schematic demonstrating entrapment of hy- 
pertrophic fat pad between the tibial and femoral compo- 
nents. 

as a cause of recurrent hemarthrosis after TKA, but this 
has been identified in only one patient.^ 

I believe that synovial entrapment may be more likely 
in patients who develop a proliferative synovitis after 
TKA. This proliferative synovitis has been noted at the 
time of both primary and revision arthroplasties of the 
knee.^^“^^ This proliferative synovium may become 
traumatized easily by the repetitive motion of the joint, 
leading to recurrent bleeds and the development of a 
pigmented/hypertrophic synovium. 

The wide variation in the interval between implanta- 
tion and the onset of hemarthrosis may be related to 
these factors. Patients who bleed early in the postop- 
erative course may have a loose tag of synovial tissue 
or fat pad remaining from surgery that becomes en- 
trapped early in the postoperative course, whereas oth- 
ers may slowly develop a proliferative synovium that 
over time eventually becomes entrapped and may lead 
to late hemarthrosis. 

HISTOLOGY 

A study of the synovium from prosthetic knees with re- 
current hemarthrosis has delineated consistent features, 
including focal synovial hyperplasia, increased histio- 
cytic infiltration, and significant hemosiderin deposition. 
Foreign-body giant cells and dense fibrosis are less com- 
mon. Gross fibrous nodules have not been noted. Al- 



though these findings are similar to those of pigmented 
villonodular synovitis (PVNS), certain features appear to 
be missing. Grossly no fibrous nodules have been noted 
and often the synovium is only focally reactive, whereas 
pigmented villonodular synovitis usually affects the en- 
tire synovial lining and contains fibrous nodules. Histo- 
logically, PVNS demonstrates osteoclast-type giant cells, 
a polyhedral stroma, and, though not pathognomonic, 
foam cells — findings that have not been seen in most 
knees with recurrent hemarthrosis after TKA.^^“^^ 
Therefore, patients with recurrent hemarthrosis after 
TKA who have a pigmented synovium should not blindly 
be labeled as having PVNS unless the appropriate his- 
tologic features are present. 

PREVENTION 

Over half of all recurrent bleeds after TKA do not have 
an identifiable cause; thus, complete prevention of this 
complication is not possible. However, the risk of this 
entity can be decreased by paying meticulous attention 
to the soft tissues during the arthroplasty. Hypertrophic 
synovium at the time of primary arthroplasty should be 
considered for excision, preferably with total synovec- 
tomy. If total synovectomy is not performed, then ex- 
cision of the hypertrophic synovium from areas sus- 
ceptible to entrapment by the prosthesis should be 
considered. These areas include the medial and lateral 
gutters at the level of the joint line and any tissue that 
may become entrapped in the patellofemoral articula- 
tion. 

A hypertrophic fat pad should be trimmed if any ev- 
idence of potential impingement in the patellofemoral 
or tibiofemoral articulation is noted. If the fat pad is 
abundant, closure of this layer separately from the cap- 
sular closure may help to decrease the mobility of the 
fat pad and hence decrease the likelihood of its en- 
trapment within the joint. 

Finally, adherence to the basic principles of knee 
arthroplasty with respect to alignment and soft tissue 
balancing helps to prevent excessive polyethylene wear 
that results from a poorly aligned or balanced prosthetic 
knee. This may help to decrease the risk of developing 
a proliferative synovitis secondary to polyethylene 
debris. 

MANAGEMENT OF RECURRENT 
HEMARTHROSIS AFTER TOTAL 
KNEE ARTHROPLASTY 

When recurrent hemarthrosis develops after TKA, the 
diagnosis should be confirmed by aspiration of the joint. 
Gross bloody fluid will be obtained if the aspiration is 
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performed acutely. Conservative care is initiated includ- 
ing rest, ice, compression, and elevation. If the patient 
is taking any medication that may affect platelet func- 
tion or the coagulation cascade, then this medication 
should be stopped. In some cases, medical concerns pre- 
vent the discontinuation of the anticoagulant medication. 

A gradual return to activities should be allowed as the 
knee becomes less symptomatic. 

If the hemarthrosis recurs more than once, a med- 
ical workup for potential disorders of coagulation should 
be instituted. This workup should include investigations 
into drug-induced thrombocytopenias, von Willebrand’s 
disease, and defective platelet function. In addition, fac- 
tor deficiencies, fibrinolytic defects, and circulating an- 
ticoagulants or inhibitors should be ruled out. If an in- 
trinsic disorder of the coagulation system is not found, 
and all extrinsic factors have been managed appropri- 
ately, then surgical intervention should be considered. 

Although arthroscopic investigation and synovectomy 
can be considered, this mode of treatment has been shown 
to be less effective than open synovectomy with a higher 
recurrence rate of hemarthrosis.^ Therefore, open syn- 
ovectomy and exploration of the joint is preferred. 

A thorough investigation of the soft tissues of the joint 
at the time of arthrotomy should be undertaken to rule 
out an entrapped or traumatized piece of soft tissue or a 
vascularized leash of soft tissue. If such a piece of tissue 
is found, this should be excised. In addition, a complete 
synovectomy should be performed and the polyethylene 
insert should be removed to allow access to the posterior 
aspect of the joint. The surgeon should, as always, be 
prepared to revise any portion of the joint that may in- 
cidentally be found to be loose or have failed otherwise. 
This technique has proven successful in 93% (14 out of 
15) of knees reported on previously by this author.^ If 
recurrent hemarthrosis continues after open synovec- 
tomy, then angiography may be necessary to rule out an 
occult juxtaarticular vascular malformation or tumor. 
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Chapter 26 



UmCONDYLAR ARTHROPLASTY 



Gerard P. Deschamps and Philippe Cartier 



U nicompartmental knee arthroplasty (UKA) is a 
very special form of knee replacement. It con- 
stitutes a viable and useful, though not indis- 
pensable, alternative to total knee replacement, which 
remains the technique of choice of a number of au- 
thors.^ It is, however, of indisputable value in the man- 
agement of unicompartmental osteoarthrosis (OA) in the 
elderly, since it has very little morbidity, leads to rapid 
recovery, and, in all cases, gives a good range of mo- 
tion (ROM). In spite of these advantages, it has not yet 
been universally accepted because of the particular de- 
mands made in terms of patient selection, surgical tech- 
nique, and hardware selection. Ignorance or violation of 
the stringent rules that govern UKA have, until quite re- 
cently, been responsible for failures that have cast doubt 
on the viability of the concept of unicompartmental re- 
placement. 

The concept of unicompartmental replacement was 
defined by Macintosh^ as early as 1958: “To correct 
deformity, restore stability, and relieve pain.” These 
principles have not changed; however, as we shall 
demonstrate in the light of our experience and of a 
search of the recent literature, some qualifications of 
Macintosh’s statement are now required. 

The first qualification, and one that is of paramount 
importance, is that the only possible purpose for which 
UKA should be employed is the correction of the wear 
element of the deformity — to correct wear and nothing 
else. The limit as far as axial correction is concerned is 
the restoration of the natural axis that the limb had prior 
to the arthrotic process. The reference for the choice 
of thickness of the implant is the retensioning, without 
overtightening, of the ligaments on the concave side of 
the deformity. Techniques that will not meticulously pro- 
duce this result, or which leave the knee with exces- 



sively taut ligaments, have been responsible for most of 
the failures that are discussed in the first part of this 
chapter. We shall be concentrating mainly on wear and 
loosening in the short, medium, and long term, which 
are now the main issues. 

Our own experience, and that of all those who have 
written about UKA (be they proponents or opponents), 
is that, of all the knee arthroplasties, UKA has the low- 
est intra- and postoperative morbidity. In particular, the 
rate of thromboembolic complications is twice as low as 
that of total knee arthroplasty (TKA) and of osteotomies. 
There are no reports in the literature of intraoperative 
fatalities, and the rate of infection is less than 1%, even 
in the earliest studies and in the multicenter studies. 
Also, many authors have stressed the fact that blood 
loss during this procedure is very slight.^”^ More often 
than not, there is no need for transfusions, with all their 
attendant risks. 

These advantages, plus the rapid rehabilitation of the 
patients, and the fact that the eventual ROM is as good 
as, or better than, that before surgery,^’^"^^ are the main 
arguments in favor of using UKA rather than TKA or 
osteotomies. It is because of these benefits that sur- 
geons, to this day, remain interested in UKA. The study 
of what has gone wrong and why, which is presented 
in this chapter, is vital, since it allows us to define the 
role of UKA in the management of OA of the knee 
joint, to define the rules of how UKA should be em- 
ployed, and to describe in greater detail the current hard- 
ware options. 

UNICOMPARTMENTAL FAILURES 

At the 1995 SOFCOT (Societe frangaise de chirurgie 
orthopedique et traumatologie) symposium in Paris, 
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we presented the results of 680 unicompartmental pros- 
theses; this exercise, together with a search of the lit- 
erature, allows us to analyze the failures of unicom- 
partmental knee replacements and to attempt to 
establish whether these failures are attributable to an in- 
herently faulty concept, or whether they have occurred 
because of mistakes made in the application of what is, 
in itself, a sound and sensible concept. If the latter were 
to be true, then an analysis of this kind could be used 
to prevent the recurrence of the mistakes and failures 
of the past. 

Analysis of Failures 

Our study involved 680 unicompartmental prostheses 
(483 medial, 197 lateral). The main design used was 
the Lotus I (Howmedica). The mean follow-up was 5.5 
years (range: 1 to 20 years). There were 90 failures 
(13%) necessitating revision. Leaving aside five cases of 
infection (0.7%), failure was chiefly due to mechanical 
causes. Among these, loosening was the most frequent 
(33 cases), followed by instability (22 cases); progres- 
sion of the arthrotic process to the other compartments 
only came third, together with other causes such as poly- 
ethylene (PE) wear. 

While all authors, including ourselves, have reported 
the same failure causes, the percentage distribution of 
the different causes varies in the literature, due to a num- 
ber of factors such as patient selection, implant patterns 
(of which some are no longer in use, while others have 
been modified), and the UKA experience of the indi- 
vidual surgeon. These aspects will also be analyzed. 

Loosening 

In Our Series. In 595 cases available for review, the 
tibial component loosening rate (56 cases == 9.4%) was 
slightly higher than that of femoral component loosen- 
ing (50 cases = 8.4%). There was a significant differ- 
ence between medial and lateral UKAs; medial UKAs 
(483 cases) had more instances of tibial component loos- 
ening (10% of cases), while femoral component loos- 
ening was less frequently seen (3.7%). Conversely, lat- 
eral UKAs (197 cases) had more femoral component 
loosening (4.7%), and less tibial component loosening 
(3.6%). As will be shown below, the failure of lateral 
UKAs is more frequently associated with instability than 
with loosening. The statistical analysis also allowed us 
to establish a correlation between certain technical er- 
rors or inappropriate patient selection on the one hand, 
and loosening on the other hand. 

Tibial component loosening was significantly corre- 
lated with a preoperative deformity >20 degrees, es- 
pecially in varus knees; postoperative overcorrection of 
the deformity (transformation of a preoperative varus 



into a valgus, or vice versa); and a residual instability af- 
ter surgery, either in the sagittal plane (anterior insta- 
bility) or gaping on the opposite side in the coronal plane 
(medial gaping with a lateral UKA). There was also a 
significant correlation with femoral component malpo- 
sition in the coronal plane, and with an increase in the 
anteroposterior (AP) diameter of the femoral condyle, 
creating excessive thickness of the femoral component 
at the back. 

Femoral component loosening was correlated with 
mediolateral instability, either in the form of a persis- 
tent lateral subluxation of the tibia on the femur with 
medial UKAs, or of medial gaping with lateral UKAs, 
and, as in tibial component loosening, with an increase 
in the AP diameter of the femoral condyle, resulting 
from an excessively thick posterior portion of the 
femoral component. It should be noted that, in our se- 
ries, the main pattern used was the Lotus (Howmedica), 
with an all-PE tibial plateau. 

In the Literature. Our results were borne out by the 
data in the literature; however, in our search, we came 
across some interesting information regarding failure 
causes. Barrett and Scott, in 29 revisions, found loos- 
ening to be the main cause of failure of the first proce- 
dure (55% of cases). Swank et al,^^ in a series of 82 
UKAs followed up for up to 8 years, found a loosening 
rate of 3.5%, while Callahan et al,^^ in a metaanalysis 
of 2,391 UKAs and 884 TKAs, found a UKA loosening 
rate of 3.6% as against a TKA rate of 2.4%. Conversely, 
Rougraff et al,^ in a comparison between 120 UKAs and 
81 TKAs over the same period of 5 to 6 years, found 
4% UKA loosening as against 11% for the TKAs. 

As for the causes of loosening, Takai et al,^^ using 
a finite element method, showed that the increased 
stress levels resulting from undercorrection promote tib- 
ial component loosening. Scott, in a review of 20 
years of UKA at the Brigham and Women’s and New 
England Hospitals, attributed femoral component loos- 
ening to the narrow femoral runners of the original de- 
sign, and, as in our study, found that the lack of secure 
posterior prosthetic fixation promotes component loos- 
ening. 

The crucial study to show the increased risk of 
femoral component loosening inherent in the design of 
porous coated anatomic (PCA) UKAs was performed by 
Lindstrand et al,^^ who compared 772 PCA, 1,564 
Marmor, and 1,441 St. Georg sledge devices. The au- 
thors found a cumulative revision rate that differed sig- 
nificantly at 2 years, and eventually increased to 15% 
for the PCA, as against 5% and 7%, respectively, for 
the two other designs. This study was borne out by the 
findings of Harilainen et aF^ and Gacon and Ferreira. 
These studies show how nefarious the effects of certain 
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implant designs can be. However, that does not mean 
that UKA as a concept should be condemned. 

It is also interesting to note that while most authors 
feel that obese patients should be selected for UKA only 
upon careful reflection, only one study, that by Heck et 
al,^ has shown a correlation between loosening and ex- 
cess body weight. Voss et aF^ reported that 62% of the 
partial radiolucencies in their series were found in pa- 
tients weighing 90 kg or more. In our own series, there 
was no statistical correlation between these factors. 
However, all the participants in the SOFCOT sympo- 
sium were in favor of not selecting patients weighing 
over 85 kg for UKA,^^ especially where the deformity 
is pronounced or when there is osteoporosis. 

Wear 

In Our Series. We found that wear eventually occurs, 
and is seen in virtually all cases at more than 10 years, 
regardless of the thickness of the PE. In our patients, 
who had mainly received a non-metal-back plateau, 
mean wear was found to be 1.83 (±0.094) mm on the 
medial side, and 1.45 (±0.151) mm on the lateral side. 
The mean value found beyond 10 years was 3.26 
(±0.23) mm. In two-thirds of the cases, lateral films 
showed the wear to be central. 

Wear was seen to correlate with a preoperative de- 
formity >20 degrees and postoperative varus/valgus 
overcorrection of the deformity (p = .05), which may 
be related to overstress from excessive tightening of the 
ligaments in the concavity. It also correlated with insta- 
bility, either in the coronal plane (lateral tibial transla- 
tion in medial UKAs, medial gaping with lateral UKAs, 
p = .0001), or in the sagittal plane (anterior instability, 
p = .0009) — in the latter case, with posterior wear. 
There was also a very important correlation of wear with 
insufficient plateau thickness (6 mm, p = .001) and with 
length of follow-up (p = .001). 

In the Literature. The data in the literature confirm 
our findings. In particular, Engh et al,^^ in their analy- 
sis of 86 PE inserts removed at 39.5 months from TKAs 
or UKAs, found major wear with delamination and/or 
associated deformation in 51% of cases. This wear cor- 
related with the length of follow-up (time in situ), the 
lack of congruency of the implant surfaces, and insuffi- 
cient PE thickness. Engh et al emphasize the deleteri- 
ous effect of metal backing if the metal-backed PE is too 
thin, especially around the rim of the implant and above 
the screw holes in cementless implants. They recom- 
mend a minimum thickness of 6 mm above the metal 
backing, and as much as 8 mm of PE above the screw 
holes. This view is borne out by a number of articles 
that emphasize that the heightened wear risk in implants 
associating metal backing and insufficiently thick PE.^^’^^ 

There are, however, other factors that may play a 



role, such as changes in the PE subsequent to steriliza- 
tion, especially with gamma radiation. Langlais^^ rec- 
ommends either gamma sterilization in a vacuum, or 
ethylene oxide sterilization, while Cartier^^ prefers eth- 
ylene oxide. In a prospective study of 120 PC A units, 
Lindstrand and Stenstrom^^ stressed the risks inherent 
in the heat-pressing of PE, which makes the compo- 
nent more prone to wear, with a very distinctive de- 
lamination pattern. 

The main problem of UKA is the undercorrection of 
the deformity, which, as we shall see, is one of the 
planks of this arthroplasty concept. The study by Berger 
et aF^ showed a correlation between adduction moment 
and alignment. Residual malalignment subjects the im- 
plant to abnormally high loads and may increase the 
prospect of device failure, as compared with a TKA, 
where the object of surgery is to produce a neutral axis. 
Thus, wear is thought to be inevitable. However, this 
somewhat gloomy statement should be considered in 
the light of Bensadoun’s^^ findings that, with a slight 
(5-degree) undercorrection, the stress pattern is 54% on 
the implanted side, as against 46% in the opposite com- 
partment, because of the gradient of elasticity between 
the two compartments. 

Wear is, however, frequently seen at revision. While 
some designs and some manufacturing techniques'^ 
may give rise to delamination, we must consider wear 
in connection with undercorrection, especially when de- 
termining the age range of patients who may benefit 
from UKA. It should also be noted that conforming de- 
signs, such as Goodfellow’s Oxford Knee,^^ have good 
wear function; unfortunately, this pattern is fraught with 
major stability problems. 

Instability 

In our series, instability was to blame for a quarter of 
the failures encountered.^^ As a failure cause, it came 
second after loosening. Instability is a serious problem, 
because it may lead to early implant failure, which may 
be difficult to revise. A distinction should be made be- 
tween instability in the coronal and in the sagittal plane, 
since the effects and the causes of the two patterns are 
different, although they may occur in association with 
each other. 

In the Coronal Plane. Lateral instability associated 
with medial tibiofemoral OA is rare. Failures have been 
mainly attributable to medial instability in conjunction 
with lateral tibiofemoral compartment OA; in these 
cases, clinically demonstrable instability was associated 
with wear of the tibial or loosening of the femoral com- 
ponent. The problem may be caused by dysplasia of the 
ipsilateral hip. In such patients, it would have been 
preferable to perform a TKA, after treating the hip con- 
dition. Instability of this kind may also be found in post- 
traumatic lateral compartment OA. 
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In our series of 197 lateral UKAs, there were 17 re- 
visions in the first 5 years; of these, two-thirds were for 
instability. These cases are distressingly difficult to re- 
vise. In some cases, very constrained implants have had 
to be, or ought to have been, used (Fig. 26.1). Scott^^ 
and Bonutti and Kester^^ also consider medial instabil- 
ity in lateral compartment OA as a contraindication to 
UKA. Interestingly, the pattern on the medial side was 
the inverse of that seen in the lateral compartment, with 
two-thirds of the revisions required for loosening or 
wear.^^ 

In the Sagittal Plane. We were among the first to em- 
phasize that UKA failure may be associated with ante- 
rior cruciate ligament (ACL) deficiency. In our series, 
anterior instability was a particular factor with medial 
UKAs, causing tibial component loosening (p = .04) and 
PE wear, with a characteristic pattern of posterior 
plateau wear (p = .001). 

We found two distinct patterns: The first — and the 
more dangerous — is one where the ACL deficiency can 
be seen at the preoperative workup, which requires a 
weight-bearing lateral view. If the anterior drawer mea- 
sured under these conditions is >10 mm, with a pos- 
terior wear defect (Fig. 26.2), we have invariably found 
on the postoperative lateral films (also taken as weight- 
bearing views) an anterior drawer >10 mm, which 
would progress and, after a very short time of less than 
3 years, lead to complete posterior wear of the plateau 
and the need for implant revision. In our opinion, this 
is the typical pattern of OA secondary to anterior in- 
stability, as described by Dejour et al.^"^ Associated pos- 
teromedial ligament deficiency means that the UKA 
does not stand a chance, since its flat plateau cannot 




Figure 26.2. Weight-bearing lateral radiograph; preoperative 
anterior tibial translation >10 mm. The postoperative film 
shows immediate recurrence of the anterior subluxation, 
which led to early failure. 



control the instability. Patients with this pattern should 
not be managed with UKA. 

The second pattern is one in which the ACL defi- 
ciency is noted at surgery, but where the preoperative 
lateral weight-bearing films showed an anterior drawer 
<10 mm. In our patients, this pattern was observed in 
54% of the cases that were ACL deficient. In these 
cases, the UKA will fail much more gradually (some- 




Figure 26.1. Lateral compartment osteoarthritis (OA) with 
medial instability, in a patient with ipsilateral developmental 
dysplasia of the hip. Failure from stretching of the medial lig- 
aments required revision to a constrained prosthesis at 6 
months. 



Figure 26.3. Stretching of the anterior cruciate ligament 
(ACL) found at surgery; no anterior tibial translation had been 
seen on the preoperative weight-bearing film. Slow but inex- 
orable progression to anterior subluxation with posterior 
plateau wear occurred within 4 years. 






368 G.P. Deschamps and P. Cartier 



times only after 7 years) (Fig. 26.3); however, the im- 
plant will eventually fail. Also, compared with patients 
with an intact ACL, the International Knee Society (IKS) 
score will always be significantly poorer, from the out- 
set, even if there is no obvious dislocation. Undoubt- 
edly, this poorer score is largely accounted for by the 
patients’ adoption of a quadriceps avoidance gait, which 
is not normally seen in patients managed with (ACL- 
sparing) UKAs. The role of the quadriceps has been em- 
phasized by Chassin et aP^ and by Berger et al.^^ 
Although with this second pattern, deterioration may 
be slow, ACL deficiency should still be considered a con- 
traindication to UKA. On this, there is now agreement 
in the literature. The effects of this deficiency are 
particularly severe in the Oxford Knee, where it causes 
the bearing dislocations reported by Goodfellow et 
q| 37,38 i^y other authors using that design.^ 

As for the origin of the rupture of the ACL, the ques- 
tion arises as to whether the ACL tear precedes the in- 
sertion of the UKA, or whether it is secondary to the 
arthroplasty and linked to the flat design of the plateau. 
Bartley et aP^ studied 147 UKAs, of which 18 failed; 
11 of the failures were in PCA devices, with progres- 
sive anterior subluxation of the tibia and posterior PE 
wear. In all these cases, the ACL had been intact at 
surgery. The authors concluded that the fate of the ACL 
after UKA cannot be predicted, since the causes of ACL 
attrition are unknown. Without being able to give a de- 
finitive answer, we may state that in our series of 680 
UKAs, there were only eight cases of secondary rup- 
ture; however, no precipitating factor could be found. 

On the other hand, the statistical analysis performed 
failed to show any correlation between, for example, the 
slope of the plateau and the presence of anterior sub- 
luxation on the postoperative films. The only factor that 
correlated with the deterioration of the implant was pre- 
operative damage to or loss of the ACL. Goodfellow et 
aP^ emphasized the pattern of ACL degeneration seen 
in some OA patients: the ligament has lost its synovial 
covering and is split into numerous bundles; when 
probed, it will readily tear. Such a ligament is function- 
ally useless. ACL damage of this kind may account for 
a certain number of failures that have been wrongly con- 
sidered to be secondary ACL tears of unknown origin. 

Progression of OA to the Other 
Knee Compartments 

In our series, this was the least frequently encountered 
cause of UKA failure. A distinction must be made be- 
tween patellofemoral compartment and opposite com- 
partment involvement, since the consequences of the 
two patterns are different. 

Patellofemoral Compartment Involvement. This com- 
partment was seen to remain stable over time. In 74% 



of the cases, no changes were seen during the follow- 
up period; 18% showed mild degenerative changes, 
while 8% developed patellofemoral OA. Also, of the 
knees that had mild changes, only 10% went on to 
patellofemoral OA in the longer term. The presence of 
patellofemoral OA did not affect the knee score; it did, 
however, slightly lower the function score, since recip- 
rocating stairs was not as good. It should also be noted 
that no patients had to be revised because of patello- 
femoral problems. We feel that Stern et aP are being 
unduly restrictive, and would agree with Kozinn and 
Scott"^^ that the patellofemoral compartment must be 
examined clinically. The mere presence of radiographic 
abnormalities should not rule out UKA. 

Opposite Compartment Involvement. In the study 
presented to the SOFCOT symposium, 19% of the ini- 
tially healthy opposite compartments went on to osteo- 
phyte formation, and 9% to loss of joint space from full- 
blown OA."^2 There was a significant difference between 
medial and lateral UKAs, since there was a 14% rate 
of opposite compartment OA after lateral, and only a 
7% rate after medial compartment replacement. 

Opposite compartment OA had a significant adverse 
effect on the knee score; however, the effect was less 
pronounced with lateral UKA. The main cause of op- 
posite compartment deterioration is overcorrection of 
the deformity. In our study, overcorrection led to loss 
of opposite compartment joint space in 29% of the 
cases, both after medial and after lateral compartment 
replacement. Many other authors have found the 

In patients who were not overcorrected, however, 
there was a 3% rate of opposite compartment space 
loss after medial, and a 9% rate after lateral compart- 
ment replacement. We have, in fact, seen a natural ten- 
dency for the opposite compartment to deteriorate over 
time. This phenomenon may be related to PE debris. 
However, unless there is malalignment, the condition 
will remain comparatively asymptomatic. Swank et aP^ 
also found progression of OA in 2.4%, in nonovercor- 
rected knees. One possible explanation of the phe- 
nomenon is afforded by the experimental study of com- 
partment stresses after UKA by Bensadoun.^^ This study 
showed that overcorrection by as little as 5 degrees re- 
sults in 88% of the stresses being transferred into the 
opposite compartment, and that even with correction 
to normal alignment, 65% of the stresses will still be 
concentrated in the nonimplanted compartment. 

In the light of our study, there is another way in which 
the phenomenon may be explained: Even in the ab- 
sence of overcorrection, we found that merely raising 
the implant joint line in relation to the healthy tibial 
plateau could cause opposite compartment deterioration 
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and space loss. We will be emphasizing later in this chap- 
ter how dangerous it is to try to correct the deformity 
at all costs, by increasing the thickness of the implant 
beyond the amount required to make up for wear. UKA 
can only compensate for wear; it cannot correct bony 
malalignment such as a tibial varus. It is also interesting 
to see that the phenomenon was observed mainly with 
medial UKA. However, overcorrection remains the chief 
cause of opposite compartment compromise, which will 
give rise to pain, often of early onset, and will ultimately 
require revision to a TKA. 

Origin of the Failures 

Going beyond a review of failures, we must ask our- 
selves what makes UKAs fail. If it can be shown that 
most failures are due to inappropriate patient selection, 
technical errors, or poor and/or badly designed hard- 
ware, then preventive action may be taken, and the con- 
cept of UKA need not be abandoned. If, however, no 
definite cause can be found, or if it is seen that the root 
cause of the problem is the very concept of unicom- 
partmental replacement, then UKA is doomed. 

In the literature, there is virtual unanimity on this sub- 
ject. Only Bartley et al.^^ have reported failure from un- 
predictable causes; however, these related to 11 PCA 
devices out of a total of 18 failures. Other studies, such 
as those by Lindstrand et al,^^ Gacon and Ferreira, 
and Harilainen et al,^^ stress the high failure rate of this 
device, and discuss reasons for its failure. In the series 
reported by Insall and Aglietti^^ and Laskin,"^^ the fail- 
ures observed were related to inappropriate use of the 
UKA, since attempts had been made — especially with 
medial UKA — to overcorrect as for an osteotomy, or 
because a concomitant patellectomy had been per- 
formed. As pointed out by Bonutti and Kester,^^ these 
studies belong to an earlier period, and are not repre- 
sentative of present-day UKA practice. However, as we 
have seen with the PCA^^’^^ and the Oxford knee,^ 
even the more recent models may lead to design-related 
failures. In particular, the survival rate of the PCA UKA 
appears to match that of the PCA TKA, which, in turn, 
is worse than that of the Insall TKA. What we see, in 
fact, is that failure is much more a consequence of the 
design of the implants used than of the concept of UKA 
or TKA as such. UKA is an alternative to TKA, rather 
than an indispensable management principle, while the 
value of total knee replacement has been established be- 
yond any doubt. This being so, some authors feel — 
wrongly, to our way of thinking — that there is no need 
for UKA. 

Recent studies using properly designed implants have 
produced much more encouraging results, which also 
reflect more accurately what can be achieved with con- 



temporary UKAs. Ten-year implant survivorship has 
been seen to be in the 81% to 93% range, which 
comes very close to what can be achieved with TKA. 

Two Swedish studies are of interest, because they in- 
volved a UKA vs. TKA comparison. Stenstrom et al^^ 
compared the failure rate of Marmor UKAs with that of 
Insall ’s total condylar device implanted between 1975 
and 1989; these devices had not undergone any major 
design modifications during that period. The study 
showed an improvement in the implant survival rates, 
by a drop in the failure rate from 11% in 1975-1977 
to 5% in 1984-1986, in the Marmor group, and from 
10% in 1978-1980 to 2% in 1984-1986, in the total 
condylar group. The UKA failure rate remained higher 
since, as the authors point out, the UKA was used al- 
most exclusively by two-thirds of the participating cen- 
ters, which meant that some of the patients managed 
with the device were not, in fact, suitable candidates for 
UKA. Knutson et al^^ analyzed 30,003 arthroplasties 
performed between 1976 and 1992. The TKA survival 
rate gradually improved over this period, to a final fail- 
ure rate of 4%, while the UKA survival rate remained 
stable, at 8% of failures, because of the disappointing 
results of some of the more recent designs (PCA, Ox- 
ford knee). Stenstrom et al^^ reported the results of an 
unpublished study by Lewold, which excluded the newer 
UI^ designs; this comparison of 15,749 TKAs, 8,425 
medial UKAs, and 788 lateral UKAs showed a cumu- 
lative failure rate of 7% for the TKAs, of 9% for the 
medial, and of 11% for the lateral UKAs. This study ap- 
pears to give an accurate picture of what is happening 
nowadays, when UKAs are used on a large scale by 
skilled but not hyperspecialized teams. While there is a 
slight difference in the failure rates, we would agree with 
Stenstrom et al that a failed UKA is much easier to re- 
vise than a failed total knee replacement. Also, the post- 
operative course is much more straightforward follow- 
ing UKA than TKA, and the ROM achieved is better. 
To us, this means that it is right and proper to continue 
our policy of recommending UKA. 

FAILURE PREVENTION 

Since, as we have seen, UKA failure is the result of the 
faulty use of a sound principle, failure prevention is of 
paramount importance. The analysis presented above 
suggests how UKA failure may be prevented. The as- 
pects to be considered are patient selection, surgical 
technique, and proper hardware selection. 

Patient Selection 

In 1989, Kozinn and Scott^^ laid down the clinical cri- 
teria governing patient selection. In 1991, Chesnut^ 
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added radiologic criteria. The analysis of the study pre- 
sented at the SOFCOT symposium allowed us to pro- 
duce an updated version of the selection criteria for 
UKA.^^ Broadly speaking, patient selection must com- 
ply with the nature of unicompartmental knee replace- 
ment: A UKA is a “spacer” designed to correct the in- 
traarticular component of wear in a deformed knee, 
involving only one tibiofemoral compartment. It may be 
used in primary as well as in posttraumatic OA, and in 
osteonecrosis; however, it is unsuitable for the man- 
agement of inflammatory (rheumatoid) conditions. 

In the light of our failure analysis, we have refined 
our clinical and radiologic criteria. Progress in imaging 
techniques has been such as to provide reliable pre- 
operative information to guide the decision-making 
process. This is important, since changing tactics mid- 
procedure is fraught with many problems and should be 
avoided at all costs. 

Clinical Criteria 

The criteria drawn up by Kozinn and Scott^^ remain a 
benchmark: age over 60 years, body weight <82 kg, 
low level of activity, minimal knee pain at rest, preop- 
erative flexion >90 degrees, flexion contracture <5 de- 
grees; angular deformity <15 degrees, intact ACL, and 
no cartilage damage in the weight-bearing areas of the 
opposite compartment. Three of these items need to be 
considered in more detail: 

Angular deformity, as we shall see, must be looked 
at on radiographs, and in particular on stress views. 
To our way of thinking, a global angle is meaning- 
less in patients considered for UKA. What is required 
is a distinction between the wear element, which may 
be fully compensated for, and the bony element, 
which neither can nor should be corrected by the uni- 
compartmental spacer inserted into the joint. 

For the fixed flexion deformity, a global figure of 5 
degrees appears to us to be unduly restrictive, espe- 
cially if the deformity is due to impingement on os- 
teophytes. The study by Voss et al^^ showed that 
18% of the flexion contracture cases in the series had 
>10 degrees before arthroplasty, which was readily 
corrected to a mean of 1.6 degrees. These results 
are borne out by our own experience. 

As an additional item, the condition of the ipsilateral 
hip should be included in the clinical decision- 
making process before surgery, since, on the one 
hand, the hip must be dealt with before the knee is 
tackled, and, on the other hand, a dysplastic hip as- 
sociated with a valgus deformity of the knee is, to us, 
an absolute contraindication to a lateral UKA, be- 
cause of the medial instability that is invariably en- 
countered under these circumstances. 



Radiographic Criteria 

In every patient, weight-bearing AP and lateral views 
must be obtained, as well as a skyline view in 30 or 45 
degrees of flexion, and stress views. If necessary, pos- 
teroanterior (PA) radiographs in 45 degrees flexion 
should also be taken. ^ If the patient appears to be a 
suitable candidate for UKA, a stress hip-knee-ankle 
(HKA) film is important, to guide both patient selection 
and the performance of the arthroplasty. 

Weight-Bearing and Stress Views. The weight-bearing 
AP view in extension is the basic radiograph. It shows 
the unicompartmental loss of joint space and the stage 
to which the condition has progressed. Above all, it al- 
lows two contraindications to be detected: 

In medial compartment OA, the existence of a lat- 
eral subluxation of the tibia in the coronal plane, with 
impingement of the medial aspect of the lateral 
condyle and the tibial spine, especially if uncorrected 
by a valgus stress maneuver (Fig. 26.4), is a con- 
traindication to UKA, since the impingement would 
persist after the replacement of the compartment. 
This pattern has also been described by Capra and 
Fehring.^^ Where it is seen, a search should be made 
for ACL compromise, which was seen in 60% of our 
patients whose weight-bearing AP films showed this 
pattern.^^ 

In lateral compartment OA, medial gaping on weight 
bearing is an absolute contraindication. Of our lateral 
UKAs that had to be revised before 5 years, 62% re- 
quired revision for instability. 

The weight-bearing PA view in 45-degree flexion, also 
known as the Rosenberg or (in France) as the schuss 




Figure 26.4. Medial compartment OA with lateral tibial 
translation and impingement of the lateral femoral condyle 
on the tibial spine, uncorrected by valgus stress. Unsuitable 
for unicompartmental knee arthroplasty (UKA). 
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view, is required if the weight-bearing AP film in ex- 
tension does not show loss of joint space, whereas the 
weight-bearing lateral view shows such a loss and the 
clinical examination of the unlocked knee joint demon- 
strates instability on the concave side of the deformity, 
suggestive of wear. This wear may sometimes be fur- 
ther toward the back of the condyle — hence the need 
for a Rosenberg view. As stated also by Chesnut,^ pa- 
tients with this pattern are excellent candidates for UKA. 

AP stress views must be taken in full extension. They 
show the extent to which the deformity may be reduced, 
rule out loss of opposite compartment joint space, and 
show whether the worn compartment tends to be over- 
corrected, in which case extreme caution should be ex- 
ercised, since UKA may lead to the knee being over- 
corrected. However, these views are useless if there is 
an associated fixed flexion deformity, or if the films are 
not taken strictly AP and in full extension, since, under 
those conditions, they may wrongly suggest that there 
is overcorrection. 

Weight-bearing lateral views are useful in that they 
show the wear defect. The existence of a posterior de- 
fect with anterior subluxation of the tibia >10 mm, which 
shows up only on the weight-bearing view (Fig. 26.5), 
is evidence of ACL deficiency, and absolutely rules out 
UKA. Unfortunately, this pattern is not always seen. In 
our series, 54% of the knees with a torn ACL failed to 
show it. Since, in our view, it is crucial to detect ACL 
deficiency, we would recommend that, in case of doubt, 
magnetic resonance imaging (MRI) be resorted to. 

S/cy/ine Views of the Patella. The radiographic pat- 
tern of the patella is often cited by the opponents of 
UKA as an argument against unicompartmental re- 
placement. However, in our series, no patient had to 




Figure 26.5. Lateral radiographs of the same patient as in 
Fig. 26.4. The supine view does not reveal the ACL deficiency, 
which is seen only on the weight-bearing lateral view, where 
the anterior tibial translation exceeds 10 mm. 



be revised for patellofemoral problems. This does not, 
however, mean that the condition of the patellofemoral 
compartment should be ignored. While simple osteo- 
phytes do not constitute a contraindication, the well- 
known rule that anything that is seen on an x-ray should 
be compared with the results of the clinical examination 
applies particularly to the patellofemoral joint. 

Thus, symptomatic patellofemoral OA, with anterior 
knee pain on maximum flexion, or interference with 
knee flexion, would, to us, constitute a contraindication 
to UKA, especially in patients with lateral compartment 
OA. Equally, the presence of linear opacities, as evi- 
dence of true chondrocalcinosis, would make the pa- 
tient unsuitable for UKA. 

The mere presence of osteophytes, however, which 
can also often be detected on the lateral view, in a pa- 
tient over 80 years with passive painless flexion >100 
degrees, would not be as much of a contraindication as 
it would in a patient under 70 who is still active. In the 
latter subject, UKA may give rise to mild patellar pain, 
which frequently abates over time, but is nonetheless a 
problem to be taken into account. 

Stress HKA Film. If, in the light of the clinical and ra- 
diographic workup described, the patient appears to be 
an appropriate candidate for UKA, a stress HKA film 
should be obtained. We have been using this technique 
for some time, and have found it to be a valuable source 
of information to guide both patient selection and the 
actual surgical procedure. Unfortunately, this view is not 
easy to obtain. The film must be taken with the patient 
supine, the knee in full extension, and with a 7-kg load 
applied to the knee on the convex side of the deformity 
in order to reduce the varus or valgus (valgus stress in 
medial compartment OA; varus stress in lateral com- 
partment OA). The necessary distance between the x- 
ray source and the patient means that a height-adjustable 
table that can be lowered right down to floor level will 
need to be used. 

The stress HKA film is superior to the standard 
weight-bearing HKA film in that it gives an accurate idea 
of the axis that will be obtained following UKA (Fig. 
26.6; also see Fig. 26. 8A). The standard HKA film al- 
lows a measurement of the overall mechanical axis only. 
It does not permit a separate assessment of the three 
components of the deformity — the bony component, 
the wear component, and a possible instability on the 
convex side. It should be borne in mind that UKA can 
only correct wear, while leaving the two other compo- 
nents unaffected. 

Thus, a knee with a 15-degree varus deformity may 
have wear as the chief problem: Once the wear has 
been compensated for, the residual deformity will be 4 
degrees. Under these conditions, UKA is safe. However, 
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Figure 26.6. Stress hip-knee-ankle (HKA) film. This view al- 
lows measurement of the residual lower limb mechanical axis 
angle (varus = 3 degrees) and of the angle between the joint 
line and the mechanical axis of the tibia, which provides the 
tibial resection angle in the coronal plane (85 degrees). 

if the defornaity is mainly bony in origin, and if after the 
application of a valgus stress the residual deformity is 
10 degrees despite good correction of the wear, then a 
UKA would be very likely to deteriorate in the long term. 
In that case, the failure would not be attributable to un- 
dercorrection (a technical error on the part of the sur- 
geon) but to an excessive residual varus deformity (in- 
appropriate patient selection). 

In our series, the most durable results were seen in 
patients who had not been overcorrected, and whose 
postoperative mechanical axis did not exceed 5 degrees 
of residual varus in medial UKA, or 5 degrees residual 
valgus in lateral UKA. The residual deformity after com- 
pensation for wear by the implant can be derived only 
from the stress HKA film. In common with Capra and 
Fehring,^^ we have found that when UKA is performed 
to revise a failed valgus osteotomy, the results are ex- 
cellent if the axis remains in varus; however, if it goes 
into valgus, the opposite compartment rapidly fails. 
Once again, the stress HKA film shows in advance 
whether, after correction of the wear, the overall axis 
will remain in varus or — as may happen — go into val- 
gus, with all the attendant risks of curtailed implant sur- 
vival (Fig. 26.7). The stress HKA film is also useful in 
that it provides information to guide the planning of the 
bone cuts. 




Figure 26.7. Failed high tibial valgus osteotomy. The stan- 
dard weight-bearing HKA film shows 3 degrees of varus, re- 
sponsible for the failure. The stress HKA film shows that the 
axis goes into 3 degrees of valgus, which means that UKA 
may result in overcorrection. 

Prevention of Technique-Related Failures 

Without going into all the details of surgical technique, 
here are some vital points to be observed. 

Preoperative Planning 

Two questions are of crucial importance: (1) What is the 
target axial correction? and (2) Which are the principles 
to be observed in order to achieve this target? 

Target Axial Correction. In the literature, there is no 
agreement on this subject. While everybody recom- 
mends “slight” undercorrection or correction to normal 
alignment, and condemns overcorrection, the values ac- 
cepted by the different authors vary widely: 3 to 7 de- 
grees valgus alignment (Kozinn et al^), 3 degrees valgus 
for medial and 8 degrees valgus for lateral replacements 
(Scott et al^^), and correction to within 5 degrees of 
neutral (Voss et aF^). 

The one fundamental point that needs to be under- 
stood in unicondylar knee replacement is that, unlike 
osteotomies and TKA, which are used to correct an 
overall deformity including the bony element, UKA can 
correct only the wear element underlying the deformity. 
Any attempts to use UKA beyond its inherent capabil- 
ities would be inappropriate. The implant would have 
to be thicker than the spacer required to compensate 
for wear, which, in turn, would raise the joint line of 
the implanted compartment, creating wear stress not 
only in the implant but in the opposite compartment as 
well, even if the overall axis has not been overcor- 
rected. Providing that the joint line level is correct, 
some degree of implant malposition may be surprisingly 
well tolerated. However, this tolerance is predicated 
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upon an implant thickness that does not exceed the 
height required to make up for wear. 

There is no ideal correction angle that could be spec- 
ified; all that can be given are limits that must not be 
exceeded (see above). The residual angle will be a func- 
tion of the wear component in the knee, as measured 
on the stress HKA film, which shows what the residual 
angle after UKA will be, and whether that angle will 
meet the patient selection criteria mentioned above. 

How to Achieve the Target. In the coronal plane: 
Once again, much can be learned from the stress HKA 
film, which will, in particular, allow the level of the joint 
line to be drawn (line joining the midpoints of the me- 
dial and the lateral compartment joint lines), and to mea- 
sure the angle between the joint line and the mechani- 
cal axis of the tibia (Fig. 26.7). These measurements 
show that the cut in the coronal plane will very rarely 
be at 90 degrees to the mechanical axis of the tibia, es- 
pecially on the medial side (case of a straight tibia). More 
often than not, there will be a tibial varus, and the joint 
line will slope slightly downward and inward. In this sit- 
uation, a 90-degree cut will unavoidably lead to poor 
seating of the femoral implant on the tibial plateau (Fig. 
26. 8C), and any attempt to remedy this situation by in- 
creasing the thickness of the plateau beyond what is 
needed to compensate for wear (Fig. 26. 8D) will raise 
the compartment joint line, and overcorrect the deform- 
ity, placing excessive stress on the The only 




Figure 26.8. A: Mechanical axes plotted on stress HKA films. 
B: Ideal orientation of the plateau in the coronal plane, par- 
alleling the joint line of the healthy compartment. C: Plateau 
positioned at 90 degrees to the mechanical axis of the tibia, 
but below the Joint line, which prevents overcorrection. This 
is a disturbed femoral-on-tibial component pattern. D: Mis- 
guided attempt to correct this pattern by inserting a thicker 
plateau. This causes overcorrection of the deformity, with the 
risk of PE and of opposite compartment wear. 



thing that can be done is to use a tibial cut that slopes 
in the coronal plane, to reproduce the natural slope of 
the joint line (Figs. 26. 8B and 26.9). To this end, we 
have developed tibial cutting guides that can be adjusted 
in the coronal plane (HLS UNI, Tornier, Saint-Ismier, 
France; and Cartier Mod. Ill, Richards, Orthez, France). 

In the sagittal plane: To prevent excessive posterior 
pressure during flexion, it is necessary to restore the 
ideal level of the joint line also in the AP direction (sagit- 
tal plane). Ideally, the cut should be made in such a way 
as to match the preoperative articular slope. Once again, 
no ideal mean value can be specified: The surgeon will 
need to be guided by the individual patient’s pattern. 
Since we are dealing with centered OA (cases with pos- 
terior defects and anterior subluxation having been ruled 
out at the selection stage), and since there must be an 
intact ACL, restoring the slope of the plateau should be 
safe, up to 10 degrees posterior slope as measured from 
the axis of the tibia on the lateral view. This is in line 
with what has been recommended by Kozinn et al^ and 
Voss et al.^^ Moller et al^^ go so far as to state that 
horizontal placement of the tibial component in the 
sagittal plane will lead to severe stress being placed on 
the ACL during flexion. If, when flexing the patient’s 
knee during surgery, lifting off of the anterior part of 
the tibial plateau, extrusion of the plateau, or extrusion 




Figure 26.9. Radiograph of a well-inserted implant. Note the 
tibial resection angle in the coronal plane paralleling the 
healthy compartment joint line; this allows proper seating of 
the femoral component on the plateau, and places the joint 
line at the correct level. 
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of the fennoral component are noted, the slope should 
be immediately checked and, if need be, adjusted. These 
technical rules must be obeyed in order to make the 
UKA the resurfacing prosthesis it is designed to be. As 
stressed by Swienckowski and Page^^ and Cartier and 
Cheaib,^^ the immediate success and the long-term re- 
sults of the arthroplasty will depend on the surgeon’s 
observance of these principles. 

General Points Concerning Technique 

Four points are of crucial importance: 

1. The approach chosen must satisfy two requirements. 
First, it must be in keeping with the less invasive na- 
ture of unicompartmental replacement, so as to al- 
low rapid recovery after surgery. To use Cartier’s 
well-known phrase, a UKA is not “half a TKA.” 
Large incisions, and eversion of the patella, should 
be avoided wherever possible. Second, the approach 
should allow for future revision, should the need 
arise. For a medial replacement, it should be an- 
teromedial; for a lateral replacement, it should be 
strictly anterolateral, without crossing the tibial tu- 
bercle. 

2. Ligament release should not be performed on any 
patient.^^ Since (with proper patient selection) the 
deformities will be inherently reducible, the ligaments 
on the concave side are the only possible guide to 
the thickness of the unicompartmental spacer needed 
to make up for wear. In fact, a minor residual laxity 
of 2 to 3 mm in slight flexion, on the implanted side, 
is desirable, since it is the best guarantee of un- 
dercorrection. 

3. Specific lateral UKA problems, which have been 
studied in depth by Cartier and Landreau,^^ mainly 
concern the seating of the femoral component. Cen- 
tering the component in rotation may be difficult be- 
cause of dysplasia, which may lead to excessive in- 
ternal rotation in the positioning of the femoral 
component. This will cause impingement of the an- 
terior part of the component on the lateral tibial spine 
during extension, and with the patella during flexion. 
Therefore, the preparation of the implant bed differs 
from what is required for a medial compartment re- 
placement. Any lateral marginal osteophyte will need 
to be left in place, since this is often the only sup- 
port zone for the anterior part of the femoral com- 
ponent when correcting the excessive internal rota- 
tion of the lateral femoral condyle. However, 
osteophytes in the notch should be dealt with exactly 
as in medial compartment replacement: they should 
be removed, to protect the ACL. 

4. Stability check before cementing is vital. The trial 
components must remain stable during the ROM trial 



with the patella in situ. Any instability noted must be 
remedied before the definitive implant is cemented 
in place. The cement should be applied in a thin 
layer, without any invasive plugs that would cause 
problems should revision be required at a future date. 

Selection of Hardware 

Since this is a somewhat sensitive subject, we will out- 
line the broad principles that have emerged from our 
analysis of past UKA failures. 

Instrumentation 

The instruments must enable the surgeon to perform a 
limited approach. Extramedullary alignment is prefer- 
able to the use of intramedullary rods, which are more 
invasive, may give rise to postoperative haemorrhage, 
and, with lateral UKAs, may cause problems since the 
rod entry point is very close to the articular surface of 
the medial femoral condyle. 

Implants 

Femoral Component. In his description of the history 
of the Brigham device, Scott showed the way in which 
the femoral component evolved, through a number of 
design modifications, to become wider. We feel that this 
increased width is a welcome feature. Lindstrand et 

ali9,27 

as well as Gacon and Ferreira^ ^ and Harilainen 
et al^^ have stressed the specific risks inherent in the 
PCA UKA, which has suffered from a high rate of 
femoral component loosening. This experience has con- 
firmed us in our preference for resurfacing implants over 
those requiring bone resection, even though the latter 
give better control of the level of the joint line and per- 
mit cementless fixation (a controversial subject in its own 
right). We also feel that the radius of the posterior cur- 
vature must be degressive, to allow the component to 
self-stabilize in maximum flexion, without any risk of ex- 
trusion or of excessive pressure on the posterior part of 
the plateau. 

Tibial Component. The top of the component should 
be flat, to allow physiologic rolling-sliding, made possi- 
ble by the preservation of the cruciates. Unfortunately, 
this design is prone to wear in the long term. This is 
why a different concept has been evolved, which is rep- 
resented by the Oxford meniscal-bearing UKA, in which 
conforming components are used to prevent wear. This 
attractive concept, however, is fraught with two prob- 
lems: First, several authors^’^^ and the designers them- 
selves^^ have reported bearing dislocation. Second, the 
procedure involves complex balancing of the ligaments, 
and the search for perfect stability may result in the in- 
sertion of an excessively thick plateau, and, hence, over- 
correction.^ 
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All-Polycthylcnc vs. Metal Backing 

As early as 1979, Marmor^^ had stressed the wear risk 
inherent in 6-mm plateaus. A study by Ryd et al^^ 
showed that cold flow may occur even in 12-mm PE 
components. The study by Walker et al^^ showed the 
importance of metal backing in the reduction of cold 
flow. This technique, widely used in TKAs, was then ap- 
plied to UKAs. Unfortunately, as pointed out above, 
UKA-specific problems related to the thickness of the 
PE above the metal backing were encountered, and 
some models were found to be extremely prone to 
wear.^^“2^’^^ To control this problem, Engh et aF^ rec- 
ommend a minimum thickness of 6 mm of actual PE 
above the metal backing, and of as much as 8 mm over 
any screw holes in implants for cementless fixation. Bart- 
ley et aF^ found wear to be sometimes more pro- 
nounced peripherally, where the PE is thinner. 

As for the loosening risk, a finite element analysis 
by Takai et aP^ suggests that metal backing improves 
the stress distribution; conversely, in a similar study, 
Blankevoort et aF^ found that the rigidity of the metal 
backing combined with the loading pattern in flexion 
and extension may increase the stresses at the implant- 
bone interface. This latter idea seems to be borne out 
by an in-vivo study by Witvoet et al,^^ which showed a 
larger number of radiolucencies in the group of 180 
(metal-backed) Lotus II devices than in 135 (non-metal- 
backed) Lotus I. These considerations also prompted 
Heck et aF as well as Lindstrand and Stenstrom^^ to 
question the utility of metal backing. 

Our experience is somewhat different, since Cartier 
uses either all-PE or metal backing with at least 7 to 8 
mm of PE, depending on the patient’s body weight, 
while the senior author, after having used all-PE for a 
long time, now has an original design that features a 
PE component set in a metal ring. This provides the 
best of both worlds, in that it allows full PE thickness in 
the weight-bearing zone and prevents cold flow thanks 
to the encircling metal ring. However, a longer follow- 
up will be required to see whether this innovative de- 
sign is as beneficial as it is thought to be. 

The problems of PE as such, and of the sterilization 
of the material, have been discussed above. 

Cemented vs. Cementless 

On this question, the jury is still out. We feel that the 
disadvantages of cementing are minimal, providing that 
the cement is used sparingly, and that no attempt is 
made to use cement to remedy a lack of stability of the 
trial components. The trials must be perfectly stable 
without any cement, before the definitive components 
are cemented in place. 

Apart from some rare cases in which a cement frag- 
ment missed at surgery has had to be removed subse- 



quently,^ we find cementing to be superior in a number 
of ways to cementless fixation, which requires femoral 
resection and a metal-backed tibial component. Also, 
with cementless implants, the patients may have to be 
kept off weight bearing in the early postoperative pe- 
riod. This would negate one of the benefits of UKA that 
is much appreciated by our elderly patients — the ability 
to walk and bear weight very early on. Moreover, the 
possible defects caused in the event of a revision for 
conditions other than loosening would militate against 
cementless fixation. 

One interesting possibility at present being explored 
is the use of hydroxyapatite-coated implants. 

REVISION OF FAILED IMPLANTS 

Even with good patient selection, meticulous surgery, 
and judicious hardware selection, UKAs may have to be 
revised. Three questions need to be answered: (1) Are 
UKAs inherently difficult to revise? In other words, does 
UKA mean that the patient will have a less good result 
next time around? Or, to put it differently, is UKA 
a conservative arthroplasty, as claimed by Scott^^? 

(2) How can we prevent difficult revision surgery? and 

(3) How should revision be performed? 

Are UKAs Difficult to Revise? 

On the question of the ease or difficulty of revision, 
opinions are divided. Much would seem to depend on 
what failures had been encountered by the different au- 
thors, and what had led to the failures in the first in- 
stance. Thus, two studies — by Padgett et aF^ and Bar- 
rett and Scott^"^ — showed major difficulties, especially 
with loss of bone stock, which was found in 76% of 
Padgett’s 21 revisions. However, Barrett and Scott felt 
that the results have improved with the advent of newer 
and better models. 

These studies contrast with the much larger number 
of studies^’^T8,44,5i,64 reporting no major problems be- 
ing encountered at revision, and stating that the patients 
were not worse off concerning the final result than they 
would have been if they had been given a TKA first time 
around. Also, Jackson et al,^^ in a comparison of 23 
revisions following high tibial valgus osteotomy and 20 
revisions following UKA, found a 30% complication rate 
in postosteotomy, and no complications in post-UKA 
revisions. Levine et aF"^ stated that the results of UKA- 
TKA conversion were comparable to the results for pri- 
mary TKA, and superior to those for TKA-TKA con- 
version, with a much lower primary revision rate, which 
was also seen by Knutson et al.^^ Our experience has 
been along the same lines. We may, therefore, conclude 
that, when correctly used, UKA does not in itself make 
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for more difficult revision surgery, neither does it put 
the patient at a disadvantage in the event of a revision. 

How to Prevent Difficulties at Revision 

This issue is important, since inappropriate patient se- 
lection, poor primary surgery, and certain UKA designs 
can set the stage for problems at revision. Patient se- 
lection raises difficulties when there is medial instability 
associated with, or complicating, a lateral compartment 
replacement. This is the only case in which we have 
had major problems, and where we have had to resort 
to very constrained patterns (Fig. 26.1). 

There are also technique and hardware factors to con- 
sider. Excessive tibial resection and invasive cement 
plugs cause loss of bone stock, which makes revision 
less straightforward. Devices requiring major resection 
and/or very large pegs may cause damage, either im- 
mediately or in difficult removal cases (cementless im- 
plants). This damage would be worse than that caused 
by the insertion of a “lightly” cemented implant. 

Patient monitoring is rarely mentioned; however, the 
analysis of our series has shown how vital this follow- 
up can be. Some of our patients appeared to tolerate 
their failed implants, and especially femoral component 
loosening, surprisingly well. This may have been due to 
their age or to the fact that they were not very active. 
In our study presented at the SOFCOT symposium, 
of the 67 radiologically overt loosenings, only 30 were 
revised. In these cases, we found deep subsidence of the 
implants into the bone, and had to use a much more 
aggressive technique for revision, thereby negating a po- 
tential benefit of UKA. Because of the surprising toler- 
ance seen in some of our patients, we have now set up 
a system to ensure that all patients are routinely exam- 
ined once a year. 

How to Revise a Failed UKA 
UKA or TKA? 

In common with Knutson et al,^^ we recommend that 
a failed UKA should be revised to a TKA: In our study, 
71% of the 14 patients with failed UKAs (isolated wear) 
who were revised to another UKA had a repeat failure 
early on. 

Which TKA? 

The choice will need to be made in light of the cause 
of failure and of the extent of bone loss following the 
removal of the failed UKA. In our series, more than half 
(52%) of the 50 revisions to a TKA were done using a 
standard implant. Similarly, Levine et al,"^^ in 31 UKA- 
to-TKA conversions (21 for tibial PE wear; 10 for pro- 
gression of OA), used primary posterior cruciate liga- 
ment (PCL)-sparing TKAs in 30 cases and one 
PCL-sacrif icing TKA. 



The filling of bone defects depends on the depth of 
the defect(s). The tibial cut must not be more than 10 
mm compared with the unaffected side. The existing 
damage should not be made worse by overzealous im- 
mediate curetting of the bed for the new implant. A 
minimal resection should be performed, as soon as the 
UKA has been removed; after that, the extent of the 
defect may be assessed. More often than not, no filling 
will be required. For contained defects, simple filling with 
cement or a bone autograft will suffice. For noncon- 
tained defects, with a loss of bone stock of more than 
two-thirds of the surface, we prefer the use of metal 
augments to that of bone grafts. Whenever tibial or 
femoral bone defects have had to be filled, a stemmed 
component will need to be used. 

In summary, difficulties at revision basically stem from 
two causes: 

The index UKA may have been done in the wrong 
kind of patient, or using a faulty technique (major 
bone resection; overuse of cement). These errors will 
produce an unduly large number of difficult-to-revise 
cases. 

The revision hardware may be unsuitable, or insuffi- 
cient provision may have been made for unforeseen 
situations at surgery. These deficiencies will result in 
improvisation, which may lead to the need for a sec- 
ond revision. That eventuality is all the more worry- 
ing in that the patients concerned are elderly. 

In light of these considerations, we have produced a 
specification for the ideal revision device, which should 
have a stemmed tibial component and come in modu- 
lar form, with stem extensions and metal augments for 
the femoral and tibial components. 

Whether the revision implant should be cruciate- 
retaining or posterior-stabilized is left to the individual 
surgeon’s preference. The only exception to this rule 
concerns the revisions of UKAs for ACL deficiency with 
major anterior subluxation of the tibia on the weight- 
bearing lateral views. In such cases, we would prefer a 
posterior-stabilized device, which is more constrained, 
to prevent the recurrence of the AP instability that a 
TKA retaining only the PCL would produce. Where 
the failure is due to mediolateral instability, especially in 
medial instability after lateral compartment replacement, 
a very constrained implant (in some cases, a hinge pros- 
thesis) should be used, unless the ligaments can be per- 
fectly retuned by the use of a posterior-stabilized device. 

These recommendations are the result of our expe- 
rience, which has shown that preoperative planning — 
vital though it is — may not allow the surgeon to foresee 
every eventuality. A modular revision device should 
make it possible to handle unforeseen circumstances and 
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would be better than “customized” implants, which, 
even nowadays, cannot be relied upon to produce sat- 
isfactory results in each and every patient. Where these 
recommendations have been followed, the second revi- 
sion rate after initial UKA-to-TKA revision has been seen 
to be much lower than that after TKA-to-TKA revi- 
sions. 

The revision operation itself has fewer complica- 
tions. Also, many authors feel that the result of a 
properly performed revision from a UKA is identical to 
that of a primary In our series of 50 UKAs 

revised to TKAs,^^ the only difference observed was a 
lower rate of excellent results, and a slightly poorer mean 
ROM as compared with primary TKAs. 

CONCLUSION 

Our study clearly shows that unicompartmental arthro- 
plasty is a valid concept that should be an integral part 
of the range of treatment options offered to the elderly 
patient with unicompartmental OA. Compared with os- 
teotomy, UKA has the advantages of early weight bear- 
ing, greater and more lasting pain relief, and of eas- 
ier revision in case of failure. UKA is superior to TKA 
because it has low morbidity, does not require transfu- 
sion, allows rapid recovery, and has a superior ROM 

outcome. 16,68 /\iso, revision is easier.^^ 

The only drawback is that UKA is demanding in terms 
of surgical technique, choice of hardware, and, above 
all, patient selection. However, the proportion of pa- 
tients suitable for UKA is probably nearer the 10% to 
20% mark^’^^ than the 6% suggested by Stern et al.^ 
The reluctance on the part of surgeons in some coun- 
tries to practice this form of arthroplasty stems from a 
shortage of centers teaching the technique, or from 
purely financial considerations, which should be re- 
viewed and revised before long, to take account of the 
fact that UKA has much to offer to the elderly, who 
make up an ever-increasing proportion of our demo- 
graphic pattern. 
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Chapter 27 



Patellofemoral Complications Following 
Total Knee Arthroplasty 



Phillip J. Lewandowski and Gerard A. Engh 



T otal knee arthroplasty (TKA) is a predictable and 
durable means of alleviating pain associated with 
knee arthrosis. The evolution of component de- 
sign and surgical techniques has resulted in excellent 
functional results and increased range of motion. This 
success has been due in part to the addition of patello- 
femoral joint resurfacing. However, because of the po- 
tential for complications, including patellofemoral insta- 
bility, soft tissue impingement, component failure, and 
loosening, the role of patellar resurfacing in TKA 
remains controversial. To understand the nature of 
these complications, knowledge of the pertinent exten- 
sor mechanism biomechanics and current literature on 
patellar resurfacing is necessary. Hence, a review of 
patellofemoral complications and their prevention and 
management is presented first. 

EXTENSOR MECHANISM BIOMECHANICS 

The patellofemoral articulation and the extensor mech- 
anism are crucial to the biomechanical function of the 
knee. The patella creates a mechanical advantage for 
the quadriceps by centralizing its forces and increasing 
its moment arm, while providing an articulating surface 
with a low coefficient of friction. The patella also pro- 
tects the anterior knee joint from trauma, prevents at- 
tritional wear of the quadriceps tendon, and improves 
the cosmetic appearance of the knee. 

The contact force at the patellofemoral joint is equal 
to the resultant force generated by tension of the quadri- 
ceps muscle and the patellar tendon. At full extension 
the patellofemoral joint reaction force is zero and in- 
creases with increasing knee flexion angle up to 90 de- 
grees. Beyond 90 degrees of flexion, the quadriceps 



tendon contacts the femoral articular surface and at 120 
degrees of flexion supports as much as one-third of the 
total contact force on the extensor mechanism. Stud- 
ies have demonstrated the high contact forces at this ar- 
ticulation. The patellofemoral joint reaction force is one- 
half to one times body weight with level walking, three 
to four times body weight with stair climbing, and as 
high as seven to eight times body weight with deep knee 
bending. 

EXTENSOR MECHANISM BIOMECHANICS 
AND TOTAL KNEE ARTHROPLASTY 

Total knee arthroplasty alters knee kinematics by 
changing patellar motion relative to the femur and de- 
creasing the patellofemoral contact area. Patellar com- 
ponents must be able to withstand high-contact forces 
and provide a stable articulation throughout a wide 
range of motion. The success of the resurfacing also 
depends on the patellar component’s ability to with- 
stand the eccentric forces generated during rotational, 
translational, and tilting movements of the patella with- 
out unacceptable loosening.^ The most extreme exam- 
ples of altered kinematics following knee arthroplasty 
occur with constrained, hinged devices that reduce the 
complex multiaxis motion of the knee to a single axis 
of rotation, thereby increasing patellofemoral compli- 
cations, especially patellar instability.^ 

Patellofemoral joint function after TKA is dependent 
on several factors: (1) total thickness of the resurfaced 
patella; (2) alignment of the femoral, tibial, and patellar 
components in all three planes; (3) changes in joint line 
position; and (4) functional patellar ligament length. A 
neutral alignment of the prosthetic components has 
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been shown to establish excellent patellofemoral joint 
function and range of motion with fewer component 
failures. To achieve optimal alignment, the surgeon 
should reestablish the prosthetic joint line to within 
8 mm of the natural joint line. Ideally the tibial compo- 
nent should be placed at or posterior to the midcoronal 
line of the tibia to optimize the extensor mechanism mo- 
ment arm. The inferior pole of the prosthetic patella 
should be placed 1 to 3 cm above the joint line.^ 

PATELLAR RESURFACING: 

PROS AND CONS 

Before the advent of patellofemoral resurfacing, ante- 
rior knee pain was reported in up to 50% of patients 
undergoing TKA with such designs. As a result, pros- 
theses were modified to include a trochlear flange on 
the femoral component and an optional polyethylene 
patellar implant. Many authors believe that patellar 
resurfacing has contributed to improved function and 
the alleviation of anterior knee pain.^ Unfortunately, 
with the addition of patellar resurfacing, new complica- 
tions have emerged, including those that are discussed 
in this chapter. 

Some surgeons recommend routinely resurfacing the 
patella,^^"^^ some resurface selectively, and others 
not at all.^^”^^ After reviewing the literature, Rand^ de- 
veloped guidelines recommending patellar resurfacing for 
all patients who have rheumatoid or other inflammatory 
arthritis, eburnated bone in the patellofemoral joint, cys- 
tic changes in the patella, a lack of congruency between 
the patella and the trochlear groove of the prosthesis, or 
maltracking of the patella. His only contraindication to 
resurfacing the patella is insufficient bone stock. 

One way to evaluate resurfacing of the patella is to 
study patients with bilateral TKA, with one side resur- 
faced and the other side not resurfaced. In 25 patients 
with advanced patellofemoral disease, Enis et aE^ com- 
pared the clinical results in 22 patients with resurfacing 
of the right patella but not the left. Of these patients, 
10 initially preferred the knee with the resurfaced patella 
and 12 were undecided. However, later follow-up 
showed a trend toward preference of the resurfaced 
knee. After considering subjective and objective data, 
the authors of this study concluded that (1) patellar resur- 
facing offers a stronger and more pain-free knee; (2) lat- 
eral retinacular release is needed more frequently to 
achieve proper soft tissue balance with patellar resur- 
facing; and (3) patellar resurfacing should not be carried 
out in younger, heavier patients if a congruous, well- 
aligned patella can be attained. 

A preferable way to study patellofemoral resurfacing 
is by a randomized, prospective study evaluating resur- 



facing versus not resurfacing the patella. In one such 
study of 118 knees (86 patients) followed for an aver- 
age of 30 months, 58 knees underwent patellar resur- 
facing while 60 knees retained the patellar surface. No 
significant difference was detected with respect to clini- 
cal score or patient satisfaction. Thirty-two of these pa- 
tients had a bilateral TKA with patellar resurfacing in one 
knee and retention of the patella in the other. None of 
these patients expressed a clear preference for either 
knee. However, 10% of the unresurfaced patellae re- 
quired subsequent resurfacing for unremitting anterior 
knee pain. Unfortunately, the development of postoper- 
ative anterior knee pain or the need for subsequent patel- 
lar resurfacing could not be predicted by the presence of 
preoperative anterior knee pain, obesity, or a high grade 
of intraoperatively observed chondromalacia.^^ 

Ultimately, long-term results of randomized, prospec- 
tive studies will determine the better choice between 
resurfacing and not resurfacing the patella. The articu- 
lar cartilage of a nonresurfaced patella articulating with 
a metal prosthesis may gradually deteriorate, develop 
painful arthrosis, and require patellar resurfacing. Many 
surgeons believe the current standard in TKA is to resur- 
face the patella. Careful attention to technique with 
patellar resurfacing has provided very predictable, long- 
term success and low complication rates. ^^T3,i9 

SOFT TISSUE COMPLICATIONS 
Patellofemoral Instability 

Whether it is resurfaced or not, the patella may sub- 
luxate after TKA, but it is more likely with patellar resur- 
facing. Patellar instability may cause patellofemoral 
pain, crepitus, component wear, failure, loosening, and 
fracture of the bony remnant.^ The incidence of sub- 
luxation following TKA has been reported to be as high 
as 29%.^^ However, large series have reported the 
prevalence of symptomatic patellar instability requiring 
reoperation to be only 0.5% to 0.8%.^^’^^ Though 
patellar dislocation is rare, it obviously manifests itself 
more dramatically than subluxation (Fig. 27.1). How- 
ever, both subluxation and dislocation are usually caused 
by a similar combination of underlying problems, in- 
cluding (1) limb malalignment, (2) component malalign- 
ment, (3) improper component design, (4) improper 
patellar preparation, (5) surgical approach, and (6) 

trauma leading to disruption of the medial capsular re- 
p^jj. 2,10,20,23-25 

Prevention of Instability: 

Component Positioning 

Patellar instability can occur with excessive valgus of the 
anatomic femorotibial axis or with malposition of any 
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Figure 27. 1 . Sunrise radiograph demonstrating the dramatic 
presentation of a dislocated patella following total knee arthro- 
plasty (TKA). 

of the three prosthetic components. For instance, me- 
dial translation or internal rotation of the femoral com- 
ponent will result in lateral tracking of the patella rela- 
tive to the femoral component. This problem can be 
avoided by placing the center of the femoral compo- 
nent just lateral to the central portion of the inter- 
condylar notch. However, excessive lateral translation 
of the femoral component must be avoided, as the im- 
plant may impinge on the posterior cruciate ligament 
(PCL), popliteus tendon, or lateral retinaculum. 

The relative thickness of bone removed from each of 
the posterior femoral condyles establishes the rotational 
alignment of the femoral component. Although exter- 
nal rotation of the femoral component improves patel- 
lar stability, it will affect posterior condylar bone resec- 
tions. Symmetrical knee stability in flexion must be 
preserved by maintaining the rectangular flexion space 
(Fig. 27.2). Several referencing methods have been used 
to attain this goal. 

Referencing Methods for Femoral 
Component Positioning 

Insall’s original referencing technique was to rotate the 
femoral cutting block to create a posterior femoral cut 
parallel to the transverse cut of the tibia. With this 
method, ligament releases are performed before bone 
cuts. Currently, Insall advocates the transepicondylar 
axis reference, which assumes that the plane of knee 
flexion parallels a line through the epicondyles. Poste- 
rior bone resections are made parallel to the transepi- 
condylar line to maintain ligament balance in flexion. 

Anteroposterior (AP) axis referencing is another way 
to establish rotational alignment of the femoral compo- 
nent. A line is drawn from the base of the trochlear 
groove to the center of the intercondylar notch, and 




Figure 27.2. The result of internally rotating the femoral 
component is medialization of the trochlear groove and lat- 
eral subluxation of the resurfaced patella. 



posterior condylar resections are made perpendicular to 
this line.^^ 

Arima et aF^ compared the AP axis, transepicondy- 
lar axis, and the posterior condylar axis as landmarks 
for rotational alignment of the femoral component in 
cadavaric femora. They found the AP axis to be the 
most reproducible. However, an in vivo study by Poil- 
vache et aF^ of 100 knees undergoing TKA found the 
transepicondylar axis to be a more reliable landmark for 
orientation of the femoral component. These authors 
felt that trochlear dysplasia, wear, or intercondylar os- 
teophytes may distort the true AP axis for rotational 
alignment. 

The balanced resection technique is another method 
of establishing femoral component rotation while ac- 
counting for the anatomic variation seen from case to 
case. This technique removes from each posterior con- 
dyle an amount of bone equal in thickness to the bone 
removed from the respective distal femoral condyle, with 
a 6-degree valgus distal resection. Ligament stability is 
preserved since the flexion gap matches the extension 
gap medially, independent of the flexion-extension gap 
balance in the lateral compartment. 




27: Patellofemoral Complications Following Total Knee Arthroplasty 383 



Tibial Component Positioning 

The central portion of the tibial tray should be placed 
over the medial one-third of the tibial tubercle. A cautery 
or methylene blue can be used to mark the position of 
the appropriately placed trial component to ensure 
proper placement of the final components. Relative ex- 
ternal rotation or lateral translation of the tibial com- 
ponent improves extensor mechanism stability by inter- 
nally rotating the tibial tubercle, which decreases the 
Q-angle. 

Femoral Component Geometry 

Patellofemoral stability is also influenced by femoral 
component geometry (Fig. 27.3). Deepening of the 
trochlear groove increases the resistance to patellar dis- 
location, but also increases stress on the fixation in- 
terface of the patella. Yoshii et aF^ demonstrated an 
increase in patellofemoral stability by deepening the 
femoral groove from 3 to 4 mm and raising the height 
of the lateral flange. Although the raised lateral flange 
effectively prevents patellar subluxation, it can be a po- 
tential source of soft tissue irritation, increased patellar 
polyethylene stress and wear, and increased patellar 
fracture. Anatomic femoral component designs with 
right and left components are probably the most favor- 
able for enhancing patellofemoral tracking. Although 
universal femurs that can be used for either a right or 
left TKA reduce component inventory, centrally directed 
patellofemoral grooves provide less predictable patello- 
femoral stability. 

Patellar Component Design 

Patellar components generally come in two basic de- 
signs: an anatomic implant with medial and lateral 
facets, and a dome-shaped implant. For most designs, 
an anatomic component conforms more with the 
femoral groove and is more stable than the dome- 
shaped design. Malalignment of an anatomic patella. 




Figure 27.3. Femoral components without a trochlear 
groove contribute to patellofemoral instability, as seen on the 
sunrise radiograph. 



however, can lead to accelerated component wear or 
patellofemoral instability. Most surgeons choose a 
dome-shaped component because it is easier to posi- 
tion the implant. 

Preparing the Patella 

The asymmetric shape of the patella may lead to errors 
in its preparation that can result in maltracking.^’^^ 
Proper patellar bone exposure required for optimal 
patellar cuts is accomplished when enough peripatellar 
fat and synovium are removed to visualize the quadri- 
ceps and patellar tendon. The patellar bone should be 
resected parallel to its anterior surface to create a uni- 
formly thick remnant for attachment of the patellar com- 
ponent. This resection is frequently performed without 
instrumentation, but requires frequent inspection, pal- 
pation, and often secondary cuts to eliminate any asym- 
metry. Measuring with calipers before and after patel- 
lar cuts increases the accuracy of resection. 

Prevention of Instability: 

Soft Tissue Techniques 

Surgical Approach 

The surgical approach has not traditionally been con- 
sidered a factor contributing to patellofemoral joint in- 
stability. However, Engh et aP"^ compared the incidence 
of lateral retinacular releases in TKA with a midvastus 
muscle-splitting approach versus a standard medial para- 
patellar arthrotomy. The patient groups were similar in 
gender, age, weight, and diagnosis; the surgical ap- 
proach was the only variable. Fifty percent of the 88 
knees that underwent a medial parapatellar approach 
required lateral retinacular release, a rate similar to other 
reports in the literature^^; only 3% of cases in the group 
of 88 knees that had a midvastus approach required lat- 
eral releases. The authors concluded that any surgical 
approach that avoids incisions into the quadriceps ten- 
don significantly reduces the chance of creating patel- 
lar instability. 

Intraoperative Assessment of Patellar Tracking 

Proper extensor mechanism balance without excessively 
tight lateral structures and a strong vastus medialis mus- 
cle help prevent patellar instability. Patellar tracking 
must be thoroughly assessed before wound closure to 
avoid extensor mechanism imbalance. To evaluate 
patellofemoral tracking properly, some surgeons advo- 
cate tourniquet release to eliminate its binding effect on 
the quadriceps mechanism. Before retinacular re- 
pair, the knee should be flexed and stability checked 
without using the thumb to stabilize the patella. Patel- 
lar subluxation or tilting on this “no-thumb” test have 
been described as indicating the need for a lateral reti- 
nacular release. 
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However, the “one-stitch” test described by Rae et 
may be more indicative of true patellofemoral joint 
stability. This test involves placing a single suture to ap- 
proximate the medial repair. If the suture cuts out dur- 
ing flexion, then the lateral retinaculum is overly tight. 
Ogata et al^^ measured the tension of a suture placed 
in the medial retinaculum following TKA. They con- 
cluded that lateral release is not always needed if reti- 
nacular tension shows no significant increase with flex- 
ion, even if the patella dislocates when the no-thumb 
test is used. 

Lateral Retinacular Release 

A lateral retinacular release can be performed either ex- 
ternal to the synovial cavity (“outside-in”) or from within 
the joint capsule (“inside-out”). The first step is the re- 
lease of any thickened synovial bands extending from 
the femur to the patella (patellofemoral ligaments). If 
patellofemoral joint instability persists, then a formal lat- 
eral retinacular release is appropriate. An effective and 
commonly used technique is an intracapsular approach, 
which releases the retinaculum 1.5 to 2 cm lateral to 
the patellar border. With care, this technique can pre- 
serve the superolateral genicular vessels that help main- 
tain skin viability and patellar vascularity. 

DIAGNOSIS AND MANAGEMENT OF 
PATELLAR SUBLUXATION 

In TKA patients with patellofemoral joint instability, dif- 
fuse anterior knee discomfort is occasionally present and 
is often aggravated when the patient climbs hills or stairs. 
However, the most common patient complaint is an in- 
secure feeling or “giving-way” of the knee. In this situ- 
ation, patellofemoral crepitation and knee swelling may 
be present. 

Factors that may predispose the patient to patello- 
femoral instability are (1) excessive preoperative valgus 
with extensor mechanism malalignment, (2) medial reti- 
nacular attenuation, (3) a weak vastus medialis or overly 
strong vastus lateralis, and (4) a contracted iliotibial 
band.^^ When the knee is flexed from a fully extended 
position, the patella may also tilt laterally as it moves 
medially. This lateral tilt is caused by the patellar com- 
ponent’s engaging with the trochlea of the femoral 
component. 

Radiographic Evaluation of Instability 

To assess axial alignment of the knee and the prosthetic 
components, radiographic examination should include 
a full lower extremity AP view. Sunrise views of the 
patellofemoral articulation taken with the knee in 45 de- 
grees of flexion help determine patellar position with re- 



spect to the trochlear groove of the femur. Though ro- 
tational alignment of the femoral and tibial components 
cannot be determined by plain radiography, computed 
tomography (CT) has been described as effective in mea- 
suring femoral and tibial component rotation. Berger et 
al^^ compared 30 patients with normal axial alignment 
and isolated patellofemoral complications to 20 patients 
with well-functioning total knees. When the epicondylar 
axis and tibial tubercle were used as references, CT eval- 
uation demonstrated a direct correlation between the 
combined femoral and tibial component internal rota- 
tion and the severity of the patellofemoral complication. 
The authors concluded that CT rotational evaluation can 
be helpful in determining femoral and/or tibial compo- 
nent rotational malalignment and in evaluating the need 
for revising one or both of the components to correct 
patellofemoral instability. 

Management of Instability 

The nonsurgical management of patellofemoral joint in- 
stability includes aggressive quadriceps rehabilitation, ex- 
ternal patellofemoral bracing, and avoidance of activi- 
ties such as squatting or stair climbing that heavily load 
the patellofemoral joint. ^ Nonsurgical treatment should 
not be considered if a component is grossly malposi- 
tioned or malaligned.^ If conservative measures fail and 
an underlying cause of patellar instability is apparent, 
surgical intervention is directed at the cause of the 
patellofemoral instability. The revision of an internally 
rotated tibial component is preferable to a transfer of 
the tibial tubercle. Bone is preserved as much as possi- 
ble when the tibia is revised by retaining stable cement 
and applying new bone cement to old cement and cor- 
rectly positioning the tibial component. 

Revision of the femoral component, however, is more 
complex because changing femoral component rotation 
affects ligament balance in flexion. At the time of ar- 
throtomy, the surgeon can use the transepicondylar axis 
to assess the degree of femoral component malrotation 
directly. If the femur is rotated internally by tight medial 
structures, a medial collateral ligament release may 
correct the internally rotated femur and relieve the 
patellofemoral instability. If the soft tissues are balanced 
appropriately and the femoral component rotated in- 
ternally relative to the transepicondylar axis, the femoral 
component will need to be revised. Correction of the 
internal rotation of the femoral component will require 
selective resection of bone from the posterior medial 
femoral condyle and/or use of a posterolateral aug- 
mentation block to rotate the femoral component ex- 
ternally (Fig. 2 7. 4 A and B). An oversized femoral com- 
ponent may be needed with a posterolateral augment 
to avoid anterolateral notching of the femoral cortex. 
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Figure 27.4. A and B: To correct an internally rotated 
femoral component, the surgeon revises the anterior, poste- 
rior, and chamfer cuts and uses a posterolateral augment. 

Extensor mechanism realignment procedures can be 
used to improve patellar stability when the components 
are well aligned. Lateral retinacular release alone, either 
open or arthroscopic, is rarely successful in eliminating 
patellofemoral instability.^^ Proximal soft tissue realign- 



ment, combining a lateral retinacular release with vas- 
tus medialis advancement, has been successful in ad- 
dressing a poorly aligned extensor mechanism. Merkow 
et al,^^ who treated 10 patients with proximal realign- 
ment for patellofemoral joint instability, reported im- 
proved knee scores and no redislocation. Grace and 
Rand^^ had limited success with proximal realignment 
with four recurrent subluxations in their series of 14 
patients. 

Distal realignment procedures change the Q-angle 
and avoid the medial patellar tilt associated with isolated 
proximal realignment procedures. A modification of the 
Trillat procedure has been successful when a lateral reti- 
nacular release along with a medial displacement os- 
teotomy of the tibial tubercle is used.^^’^^ However, 
patellar tendon rupture has been cited as a potential 
complication. Grace and Rand^^ reported two patellar 
tendon disruptions in nine patients who underwent prox- 
imal and distal realignment. Careful dissection with 
preservation of soft tissue flaps and use of an extended 
osteotomy may minimize such complications. A con- 
comitant lateral retinacular release, avoidance of ante- 
rior translation of the osteotomized segment, and se- 
cure fixation with screws, staples, or wires are also 
recommended. 

On rare occasions, disruption of the medial capsular 
repair may occur. Excessive hematoma, aggressive 
physical therapy, or trauma may cause this problem and 
may lead to patellofemoral instability. Unlike most other 
forms of patellofemoral instability, this disruption is man- 
aged best by early surgical intervention.^ 

SOFT TISSUE IMPINGEMENT 
Patellar Clunk 

Insall et al"^^’^^ first described peripatellar synovial hy- 
pertrophy as a cause of symptomatic anterior femoral 
clicking and catching in the posterior stabilized TKA. 
The most recognized presentation of this soft tissue im- 
pingement is called the patellar clunk syndrome. Hozack 
et al"^^ first described this entity in three patients who 
experienced a painful catching sensation when they ex- 
tended the knee. The cause of this syndrome was found 
to be a prominent fibrous nodule at the junction of the 
proximal pole of the patella and the quadriceps tendon. 
Beight et al"^^ reviewed 484 posterior stabilized total 
knee replacements and found 20 cases with patellar 
clunk syndrome in 19 patients. The average time to pre- 
sentation in these patients was 10.6 months following 
their initial procedure. Pettine and Bryan^^ reported on 
five patients who developed enlarged painful infrapatel- 
lar masses that reduced their knee motion. The authors 
were unable to identify a cause for these masses. 
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Intraarticular Fibrous Bands 

Thorpe et described another variation of peripatel- 
lar synovial hypertrophy. Over a 5-year period, 11 of 
635 TKA patients experienced patellofemoral dysfunc- 
tion, consisting of painful popping, catching, grinding, 
or maltracking of the patella. Arthroscopically these 
symptoms were found to be caused by intraarticular fi- 
brous bands. On the basis of their observations, these 
authors described three anatomic varieties of fibrous 
bands. Type I bands course superiorly and transversely, 
type II bands extend laterally, and type III bands run 
from the distal pole of the patella to the intercondylar 
notch. 

Prevention of Soft Tissue Impingement 

Since the cause of synovial hypertrophy and entrapment 
is unknown, it is difficult to develop preventive measures 
for this problem. Hozack et al"^^ conceded that the 
pathogenesis of the proximal fibrous nodule is not clear, 
but they presented two possible explanations. The first 
involved impingement of the anterior edge of the in- 
tercondylar box of posterior stabilized femoral compo- 
nents on the quadriceps tendon in flexion. This im- 
pingement is made worse when an undersized patellar 
component fails to lift the quadriceps tendon away from 
the femoral component. The second mechanism in- 
volves impingement of the patellar component on the 
quadriceps tendon. If the patellar component overhangs 
the patella proximally, the component may contact the 
quadriceps tendon and cause irritation when the knee 
is flexed. On the basis of these proposed causes for 
patellar clunk syndrome, Hozack et al recommended the 
following steps to avoid synovial entrapment: (1) using 
the largest patellar component that covers the patellar 
remnant without overhang, (2) placing the center hole 
of the patellar button 1 to 2 mm distal to the patellar 
center to avoid impingement on the quadriceps tendon, 
and (3) maintaining an anatomic prosthetic joint line. 

Hozack et al’s^^ third recommendation was based on 
findings that patellar clunk occurred mostly in cases 
where the patellar height, relative to the joint line, was 
less than 10 mm or greater than 30 mm.^ Beight et 
al^^ reported that posterior-stabilized femoral compo- 
nents with a sharp anterior border of the intercondylar 
box were more likely to experience patellar clunk syn- 
drome. However, the same authors suggested that the 
disorder was multifactorial and could not be solely at- 
tributed to component design. In their study, only one 
of six patients with bilateral posterior stabilized knee 
arthroplasties of identical design developed bilateral 
patellar clunk syndrome. 

Excising synovial tissue at the superior pole of the 
patella at the time of posterior stabilized TKA is fre- 



quently recommended to avoid tissue hypertrophy and 
potential synovial entrapment. However, Pettine and 
Bryan^^ found that excising the infrapatellar fat pad and 
surrounding synovial tissue did not prevent patellar 
clunk. In describing intraarticular fibrous bands, Thorpe 
et al^^ could not specifically implicate trauma, faulty 
prosthetic design, error in operative technique, previous 
operation, or abnormal patellar height. However, nine 
of 11 patients in their study did have posterior stabi- 
lized prostheses and four patients had undergone a pre- 
vious operation. 



DIAGNOSIS AND MANAGEMENT OF SOFT 
TISSUE IMPINGEMENT 

Clinical and Radiographic Evaluation 

The clinical presentation of peripatellar synovial hyper- 
trophy may vary, depending on the location and extent 
of the impinging tissue. Patients often complain of an- 
terior knee pain exacerbated by activities such as rising 
from a chair or climbing stairs. Audible popping, catch- 
ing, or cracking usually accompany these activities. Pal- 
pable crepitus, and sometimes visible movement of the 
patella are evident when active, resisted knee extension 
from deep-knee flexion is performed. Most patients are 
able to reproduce a clunk or crepitation with active knee 
extension. The impingement usually occurs at about 90 
degrees of flexion. Although radiographs usually appear 
normal, they should be taken to rule out component 
malalignment or loosening. In their radiographic evalu- 
ation of 20 patients with patellar clunk syndrome, Beight 
et al"^^ found one loose and one proximally placed patel- 
lar component. 

Management 

The initial treatment of peripatellar synovial hypertro- 
phy includes wearing a patellar knee sleeve, strength- 
ening the quadriceps and hamstring muscles, a trial of 
oral antiinflammatory medication, and possibly a corti- 
sone injection. Conservative measures are unlikely to 
eliminate the symptoms, but may be successful in re- 
ducing their severity. Nonoperative treatment proved 
successful in 4 of the 20 cases reported by Beight 
et al.^^ 

Arthrotomy and excision of the hypertrophied tissues 
have been highly successful in eliminating symptoms of 
synovial entrapment (Fig. 27.5).^'^“'^^ Insall et al^^’"^^ de- 
scribed open peripatellar synovectomy as the successful 
treatment for anterior knee clicking and catching. 
Hozack et al,^^ in their initial description of patellar 
clunk syndrome, were able to relieve the symptoms in 
three patients by surgically removing the fibrous nodule. 
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Figure 27.5. Excision of hypertrophied synovial tissue (ar- 
row) has been successful in eliminating symptoms of synovial 
entrapment. (From ref. 65, with permission.) 

They also advised the surgeon to be prepared for patel- 
lar component revision at the time of the arthrotomy. 

Arthroscopic treatment of peripatellar synovial hyper- 
trophy has been an equally effective technique. 
Vernace et al^^ first reported their experience in suc- 
cessfully treating five cases of patellar clunk syndrome 
with arthroscopy. They stated that the ability to evalu- 
ate the patellofemoral joint effectively without disrup- 
tion of the joint capsule was a distinct advantage of ar- 
throscopy over arthrotomy. A superolateral portal along 
with inferomedial and superomedial portals is needed to 
aid in complete excision of the fibrous nodule. Thorpe 
et al^^’^^ also advocate arthroscopy as an effective tool 
for diagnosis and treatment of the intraarticular fibrous 
bands. 

An effective approach to the treatment of peripatel- 
lar synovial hypertrophy appears to be the algorithm de- 
scribed by Beight et al,"^^ who state that a brief period 
of nonoperative management, as described above, is ap- 
propriate. If conservative management is unsuccessful, 
arthroscopic debridement should be attempted in cases 
without radiographic evidence of component abnor- 
mality. Arthrotomy and excision of the hypertrophied 
or fibrous synovium are indicated if symptoms recur. 
Obviously malpositioned or loose components should be 
revised and patients should be advised of the limitations 
of arthroscopy and the possibility of recurrence of their 
symptoms despite adequate operative debridement. 

PATELLAR COMPONENT COMPLICATIONS 

All-polyethylene patellar component failure is extremely 
uncommon and is described only in case reports in 
the literature. Excellent clinical results have been 
achieved with these components although the polyeth- 



ylene often exhibits deformation at the time of re- 
trieval. Loosening of cemented, all-polyethylene 
patellar components has been relatively rare, with the 
reported incidence in large series ranging from 0.6% to 
1.3%.^^’^^ A thin, central fixation peg on the implant, 
component malpositioning, and trauma have been cited 
as factors associated with loosening of cemented patel- 
lar components. In reporting on the use of three- 
pegged patellar components in 577 total knee replace- 
ments, Mason et al^^ found no component loose at an 
average follow-up of 3 years. 

Despite the clinical success of cemented, all-polyeth- 
ylene patellar components, metal-backed patellar im- 
plants were introduced in the mid- 1 980s. This design 
modification was influenced by the introduction of ce- 
mentless, metal-backed acetabular and tibial compo- 
nents, which exhibited decreased polyethylene defor- 
mation and improved load transfer with mechanical 
testing. Concerns about the longevity and biocom- 
patibility of polymethyl methacrylate added to the en- 
thusiasm for biologic fixation and led to an increased 
use of porous-coated patellar components. 

The disadvantages of adding metal backing to patellar 
components have far outweighed the proposed advan- 
tages. In contrast to the effectiveness of all-polyethylene 
designs, catastrophic failure and biologically accelerated 
generation of wear debris have been frequent compli- 
cations with metal-backed patellar implants. The two 
modes of metal-backed patella failure are polyethylene 
dissociation from the metal backing and fracture of fix- 
ation pegs at the point where they attach to the metal 
plate. 

To avoid “overstuffing” the patellofemoral joint while 
trying to maintain reasonable thickness of the patella- 
patellar component composite, designers have reduced 
the polyethylene thickness considerably with metal back- 
ing. As predicted by Wright and Bartel^^ on the basis 
of their study of polyethylene thickness in metal-backed 
tibial components, a significant amount of wear has been 
seen with metal-backed patellar components. As 
a result most of the literature on patellar component 
failure deals with the metal-backed designs. Bayley et 
al^^ described 25 patients with failed, metal-backed 
patellar components. Several manufacturers and designs 
were involved in these cases in which failure resulted 
from wear or fracture of the polyethylene, dissociation 
of the polyethylene, or fracture of the anchoring pegs 
from the base plate. Rosenberg et al^^ reported a 10% 
failure rate in 122 patients with metal-backed patellar 
components at an average follow-up of 24 months. At 
6-year follow-up, Rader et al^^ found a failure rate of 
33% in 30 patients. Obviously, these authors urge cau- 
tion to those considering the use of metal-backed patel- 
lar components in TKA. However, a more recent study 
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by Evanich et al,^^ which included 212 knees with metal- 
backed patellae, reported a 96% survivorship at IV^- 
year follow-up. They credited their success to the de- 
sign of the component, with a modified dome-shaped 
patella articulating with a deep-dish trochlear groove. 
They also report that they optimized patellar tracking 
by medializing the patellar component and minimized 
stress on the implant by countersinking the metal-backed 
patella. 

Prevention 

Patellar component success can be optimized by ap- 
propriate (1) bone preparation, (2) component place- 
ment, (3) patellar thickness after resurfacing, and (4) 
patellofemoral joint tracking. Josefchak et al^^ set out 
to determine the optimum level of a patellar osteotomy 
and to define the ideal fixation peg location. Their study 
of nine cadaver patellae found that the subchondral bone 
gave the best support and that peg placement was not 
critical to fixation strength. They cautioned that metal- 
backed patellar components, which require increased 
bone resection and removal of subchondral bone, may 
increase the incidence of patellar fracture significantly. 
Some authors recommend countersinking the patellar 
component 2 to 3 mm to avoid overthickening of the 
patella-patellar component complex, a condition that 
leads to excessive loading across the patellofemoral 
joint. 

One of the most important factors in the success of 
the patellar component is establishing a balanced ex- 
tensor mechanism. This procedure requires meticulous 
attention to component alignment, patellar bone prepa- 
ration, and soft tissue balancing (Fig. 27.6). To prevent 
excessive patellofemoral joint loading and rapid com- 
ponent failure, the surgeon should avoid using oversized 
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Figure 27.6. This case demonstrates several technical errors 
in patellar component implantation. Asymmetric patellar 
bone cuts, lateralization of the component, and poor soft tis- 
sue balancing lead to predictable failure in metal-backed patel- 
lar components. 



femoral components. The femoral component should 
be placed in slight flexion, and the prosthetic joint line 
should be reestablished at anatomic levels. 

Other methods for minimizing component loosening 
and failure include avoiding use of this prosthesis with 
deficient bone, positioning the components properly, 
and resecting the patella symmetrically. The risk factors 
associated with patellar loosening include subluxation or 
fracture, osteonecrosis, osteoporosis, loosening of other 
prosthetic components, and failure of bone ingrowth 
into porous-coated implants. Patient variables asso- 
ciated with patellar component failure include excessive 
body weight, postoperative knee flexion beyond 115 de- 
grees, high activity levels, and male gender. 

DIAGNOSIS AND MANAGEMENT OF 
PATELLAR COMPONENT FAILURE 

Clinical Evaluation 

The clinical presentations of patients with a loose patel- 
lar component vary. For example, a loose patellar com- 
ponent may be relatively asymptomatic if stabilized by 
its surrounding patellar meniscus. However, some pa- 
tients describe a sudden onset of pain and audible grat- 
ing associated with significant knee flexion and loading 
of the patellofemoral joint. This acute presentation, rep- 
resenting catastrophic failure of a metal-backed patellar 
component, was present in 15 of 25 patients described 
by Bayley et al.^^ Only 5 of those 15 patients experi- 
enced sudden onset of symptoms with heavy loading ac- 
tivities such as rising from a chair or climbing stairs. 
However, the onset of symptoms for the remaining 10 
patients occurred while they were walking on level 
ground. 

A high index of suspicion should be associated with 
metal-backed patellar components with known failure 
mechanisms. Recognizing metal-backed patellar 
component failure early avoids damage to the femoral 
component and potential catastrophe. Therefore, pa- 
tients with this type of component require annual fol- 
low-up with meticulous evaluation and a high index of 
suspicion regardless of the absence of symptoms. Align- 
ment and patellar tracking should be assessed with clin- 
ical examination. It is also necessary that the surgeon 
palpate the anterior knee to check for crepitus or grat- 
ing during patellofemoral loading activities, such as ris- 
ing from a chair or resisting knee extension. A dislodged 
component on occasion is palpable in the suprapatellar 
pouch. 

This diagnostic process is aided by plain radiography, 
which is useful in diagnosing implant loosening or fail- 
ure at the junction of the pegs and metal backing (Fig. 
27.7). Complete radiolucency along the patellar com- 
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Figure 27.7. Radiograph demonstrating metal-backed patel- 
lar component failure at the junction of the pegs and metal 
backing. 



ponent indicates implant loosening. Occasionally a 
dissociated polyethylene component will be visible as a 
radiolucency in the peripatellar region (Fig. 27.8). Mer- 
chant and other tangential views should be studied to 
assess decreasing space between the patellar metal back- 
ing and the femoral component. 

Regardless of the type of implant, polyethylene wear 
alone may provoke synovitis and effusion, along with 
varying degrees of peripatellar pain. When a significant 
effusion is present, sterile aspiration may reveal dark- 
ened synovial fluid with metallic and polyethylene par- 
ticles.^^ Weissman et al^^ described the “metal-line” 




Figure 27.8. Lateral radiograph showing a dissociated poly- 
ethylene portion of a metal-backed patellar implant. 



sign, a radiodense line formed by metal debris that de- 
fines a portion of the capsule or articular surface of a 
knee joint. This line was found retrospectively in 1 1 of 
18 patients with known metal-induced synovitis follow- 
ing failed TKA. Histologic examination of available syn- 
ovial specimens showed a correlation between dense de- 
posits of metallic particles and the metal-line sign. 
Titanium was the offending metal in 10 of the 11 cases, 
reflecting its increased vulnerability to wear and to the 
production of metal particles. 

Intraoperative Evaluation 

Intraoperative findings vary, depending on the type of 
implant and mode of failure. The most dramatic find- 
ings occur with failed titanium, metal-backed designs 
that result in the patellar metal backing articulating with 
the femoral component (Fig. 27.9). Stulberg et al^^ de- 
scribed their intraoperative findings in 16 knees in which 
the patellar polyethylene had dissociated from the metal 
backing. These authors encountered thin black joint 
fluid, and striking black synovium with minimal prolif- 
eration. They also found embedded in the polyethylene 
of the patellar and tibial components metallic beads that 
added to the abrasive wear on the femoral component. 
These findings were confirmed by Bayley et al,^^ who 
reported metal-induced synovitis in 23 of 25 failed 
metal-backed patellar components with considerable 
femoral component wear in 11 patients. In cases such 
as these with advanced metallosis and polyethylene 
wear, a thorough synovectomy is required at the time 
of revision. 

Implant Revision 

Removal of a bone-ingrown component can significantly 
challenge the preservation of bone stock. One effective 




Figure 27.9. The dramatic results seen when the metal back- 
ing of a patellar component articulate with the femoral com- 
ponent. (From ref. 57, with permission.) 
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method of implant removal is to use a flat, wheel- 
shaped, high-speed burr to cut the pegs from the com- 
ponent. A pencil-tipped, high-speed burr is used to re- 
move the pegs from the bone. Another method uses 
thin, flexible osteotomes to release the bone-implant in- 
terface. Overaggressive levering of the osteotome may 
cause fracture of the relatively avascular patellar rem- 
nant. However, risk of fracture can be diminished by 
stacking the osteotomes and levering of the metal im- 
plant against a metal base. After implant removal, fi- 
brous tissue and sclerotic bone should be debrided. 

Once a failed component has been removed, the 
patellar bone must be assessed to determine if sufficient 
bone is present for stable patellar resurfacing. The patel- 
lar remnant must be at least 10-mm thick for patellar 
replacement. In cases where inadequate bone is pre- 
sent, either a patelloplasty or a partial patellectomy is 
performed. Patelloplasty is accomplished by smoothing 
the undersurface of the remaining patellar bone. Fol- 
lowing patellectomy, some surgeons use a lateral release 
and “tubulation” of the extensor mechanism, allowing 
for improved tracking and mechanical function of the 
remaining soft tissues. In one study an autogenous iliac 
crest bone graft sutured into the extensor mechanism 
has led to satisfactory restoration of patellar function in 
six of seven knees with an average 6-year follow-up. 
The graft restores the moment arm of the extensor 
mechanism and improves the appearance of the ante- 
rior knee. 



CONCLUSION 

The most common patellofemoral complications fol- 
lowing TKA are instability, soft tissue impingement, and 
component loosening. Taking steps to prevent these 
complications by balancing the extensor mechanism, 
positioning the components properly, and using all-poly- 
ethylene patellar components should be routine. When 
a patient presents with patellar pain or instability, the 
options described in this chapter should help to pinpoint 
the problem and determine the appropriate treatment. 
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Chapter 28 



Extensor Mechanism Complications 
Following Total Knee Arthroplasty 



Michael R. Woolfrey and Robert B. Bourne 



T he extensor mechanism is very important for op- 
timal functioning of a total knee arthroplasty. 
There tends to be more focus on the tibiofemoral 
joint rather than on the patellofemoral articulation. In 
fact, extensor mechanism problems following total knee 
arthroplasty account for complication rates ranging from 
1.5% to 55%. 1-6 

Our group has been involved with several studies con- 
centrating on extensor mechanism complications. In 
1987, we published the data of 281 kinematic (dome 
patellar component) and porous coated anatomic (PCA, 
anatomic patellar component) knee arthroplasties.^ The 
incidence of complications was 10%. There were three 
quadriceps tendon ruptures, five patellar fractures, four 
patellar tendon ruptures, 11 recurring patellar subluxa- 
tions, four cases of patellar pain, and one malrotated 
patella. Of these, 3% required further surgery. We noted 
that these complications often occurred early after 
arthroplasty, often less than 1 year from surgery. In ad- 
dition, there was a higher proportion of complications 
in rheumatoid versus osteoarthritic patients. 

More recent contemporary total knee arthroplasty de- 
signs have attempted to address extensor mechanism 
problems by incorporating femoral external rotation and 
deepening of the femoral groove, which has resulted in 
a lower incidence of lateral retinacular releases. Re- 
cently, we critically reviewed patients with greater than 
4-year follow-up with SAL I (self-aligning knee [Sulzer- 
Medica-Intermedics, Austin, TX]) and Genesis 1 (Smith 
Nephew Richards, Memphis, TN) contemporary knee 
arthroplasties performed by our two senior surgeons 
(Rorabeck and Bourne). Eighty-three SAL knees with 4- 
to 7-year follow-up had a 12% incidence of extensor 
mechanism problems (excluding asymptomatic tilted 



patellas) (Table 28.1). Also reviewed were 156 Genesis 
1 knees with a follow-up of 4 to 8 years. With this pros- 
thesis the patellofemoral problem rate was 8%. 

It is clear that there is a high percentage of problems 
related to the extensor mechanism that can lead to sig- 
nificant morbidity following surgery. Some of the com- 
plications are due to patient and component design fac- 
tors. However, many are preventable if the surgeon pays 
attention to surgical detail and patellar tracking during 
each operation. The best treatment is prevention. 

This chapter focuses on the various extensor mech- 
anism complications following total knee arthroplasty, 
associated factors, and how to prevent these problems 
or treat them when they do occur. 

ANATOMY 

The extensor mechanism includes the quadriceps mus- 
cle and tendon, patella, medial and lateral patellar reti- 
nacula, and patellar tendon. The blood supply to the 
area is very important. Damage to the arterial blood 
supply of the extensor mechanism may increase the risk 
of tendon rupture or avascularity of the patella. The 
blood supply consists of extraosseous and intraosseous 
components. Figure 28.1 illustrates the extraosseous 
supply, while the intraosseous components are exten- 
sions of blood vessels from the quadriceps tendon, fat 
pad, and midpatellar regions. The figure also demon- 
strates how the surgeon’s method of exposure may 
cause compromise. As well, excision of the fat pad 
for exposure is associated with a degree of avascularity 
and this should be considered routinely by those who 
excise it. 
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Table 28.1. Extensor mechanism problems with two 
contemporary total knee arthroplasty systems 





SAL 
(n = 83) 


Genesis I 
(n=156) 


Asymptomatic tilting 


6 


3 


Symptomatic tilting 


2 


4 


Anterior knee pain 


2 


4 


Undisplaced fractures 


4 


2 


Aseptic loosening 


2 


3 


Subluxed/dislocated 


2 


1 


Revisions of patellar component 


1 


2 



SAL, self-aligning knee. 




Figure 28. 1 . Extraosseous blood supply of the patella. A me- 
dial parapatellar incision or a lateral incision done for a lat- 
eral release, quadriceps turndown, or a lateral parapatellar ap- 
proach can damage various aspects of the patellar blood 
supply as indicated. 



BIOMECHANICS 

The primary function of the extensor mechanism is to 
extend the knee. The patella increases the moment arm 
to improve quadriceps power to help with this function. 
This is illustrated by the fact that patients who have had 
their patellas removed require at least a 30% increase 
in quadriceps force to obtain knee extension. These 
patients have more difficulty with stair climbing and 
experience more posterior knee pain as a result of 
increased stresses on the posterior soft tissue struc- 
tures. Secondary functions of the extensor mechanism 
include anterior knee protection and dynamic knee sta- 
bilization. 

Forces across the patellofemoral joint can be quite 
considerable. Often, we think of the tibiofemoral joint 
as the area of the knee exposed to the greatest forces. 
In fact, the patellofemoral joint may exceed the forces 
generated across the tibiofemoral joint during certain 
functions.^ Compressive loads of 0.5 to 1 times body 
weight occur during walking. This increases to three to 
four times body weight with stair climbing, and seven 
to eight times body weight with squatting. These fea- 
tures correlate with the fact that most patients with 
patellofemoral joint degeneration are most symptomatic 
on stairs or on rising from a chair. 



ANTERIOR KNEE PAIN 

Anterior knee pain following the arthroplasty has been 
noted in several patients at our center. The reported in- 
cidence in the literature is 5% to 15%.^ It can be quite 
a difficult problem because the exact cause is often un- 
known and investigations may be negative. There have 
been many proposed etiologies (Table 28.2). The treat- 
ment depends on the exact cause, but if the cause is 
unknown, treatment may be difficult. The surgeon may 
have to follow the patient in hope that the pain will re- 
solve or diminish with time. 



Table 28.2. Etiologies of anterior knee pain 
Tendinopathy 

Arthritic exposed lateral facet of patella 
Prominent lateral femoral component 
Patellar component loosening 
Fracture of patella 

Patellar component impingement (patella baja) 
Maltracking 

Posterior cruciate laxity 
Unresurfaced patella 
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PATELLAR CLUNK 

Often, soft tissue problems related to the extensor mech- 
anism resolve with time, and reassurance is often all that 
is needed. To help in the recovery of these problems, 
quadriceps rehabilitation and the use of mild pain med- 
ications or antiinflammatory agents may be helpful. 

One soft tissue complication that may require surgery 
is patellar clunk. It is a phenomenon originally described 
by Hozack.^^ Patellar clunk is due to a nodule of fibrous 
tissue at the junction of the posterior distal aspect of the 
quadriceps tendon and the proximal pole of the patella 
in cruciate-sacrificing total knee replacements (Fig. 
28.2). The problem arises in knee flexion when the nod- 
ule enters the intracondylar notch, and then with knee 
extension to 30 to 45 degrees the nodule becomes 
trapped, causing a “clunk” as the nodule snaps out of 
the notch. 

The cause appears to be the result of implant design. 
Posterior stabilized components with a central box and 
a sharp edge at the superior aspect of the notch may 
cause development of the nodule in patients who have 
achieved greater degrees of flexion postoperatively. Sev- 
eral patients with an anatomic medullary knee (AMK) 
(DePuy, Warsaw, IN) arthroplasty at our center have ex- 
perienced this problem. Symptoms have resolved with 
surgery and excision of the nodule. In addition changes 
have been made to the component in recognition of this 
complication. Other possible causes may be malposi- 
tioning of the patellar component beyond the proximal 




Figure 28.2. Hypertrophied tissue above the superior pole 
of the patella, causing patellar clunk. 




Figure 28.3. Excised tissue responsible for patellar clunk. 



border of the patella, generalized postoperative scarring, 
and alterations of patellar height and thickness. Another 
factor may be elevation of the joint line resulting in 
patella baja, which could cause impingement of the 
patellar component in the notch. 

Clinically, patellar clunk usually occurs within the first 
1 to 2 years postoperatively.^^ It can be associated with 
audible clicks, snapping, or crepitus. Some patients may 
experience pain or the sensation that the knee is un- 
stable. 

The treatment can be divided into nonoperative and 
operative measures. Nonoperative treatment includes 
similar methods for other soft tissue problems as de- 
scribed above. In addition, some patients may feel bet- 
ter simply with a knee sleeve. However, often nonop- 
erative measures are not completely effective in relieving 
symptoms, and the treating surgeon has to resort to 
operative measures, including open or arthroscopic 
surgery. The operation involves addressing one of the 
above possible causes and resecting the nodule (Fig. 
28.3). Arthroscopic treatment appears to be less suc- 
cessful with four recurrences out of 1 1 surgeries in one 
published study. 

PATELLAR FRACTURES 

The incidence of patellar fractures in total knee arthro- 
plasty varies from as high as 21%^^ to about 0.2%^^ 
with modern primary knee arthroplasty. There is a 
greater incidence in patients who have rheumatoid 
arthritis,^ possibly due to weaker bone and altered cir- 
culation. Revision arthroplasty also has a high rate of 
patellar fractures, with an incidence of 0.61%.^^ 

There are many proposed etiologies, including patel- 
lar malalignment, knees with 120 degrees or more flex- 
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ion, selecting too large a femoral component in the an- 
terior/posterior dimension, and flexion of the femoral 
component, all of which cause increased patellar 
stresses. Inadequate patellar resection resulting in in- 
creased patellar thickness and, conversely, overzealous 
patellar resection with a final thickness less than 14 mm 
can also lead to fracture. ^^47 proper intraoperative at- 
tention to patellar tracking, femoral sizing, and pre- and 
postresection measurements of the patella could help 
prevent these problems. Other patellar factors include 
asymmetric cuts, which may decrease bone strength, es- 
pecially if occurring laterally. A patellar component with 
a single central peg appears to cause more fractures 
than those with three peripheral pegs. ^^49 p^g |-^Q|g 
problems can also occur if the patellar component is 
placed too medially, which may result in the pegs be- 
ing situated in sclerotic peripheral bone, predisposing 
the patella to avulsion fractures. Even the surgical dis- 
section can be implicated in causing fractures by dis- 
rupting the patellar blood supply and causing avascular 
necrosis of the patella. Weakening of the bone can 
be seen with long-term wear and osteolysis of the 
patella, again predisposing it to fracture. However, in 
the postoperative period, many fractures simply occur 
as the result of trauma. 

The classification of periprosthetic patellar fractures 
varies. They can be thought of simply as undisplaced 
versus displaced, traumatic versus atraumatic, and by 
orientation — ^vertical, transverse, comminuted, or avul- 
sion. Goldberg^^ describes a four-category classification: 
type 1, avulsion fractures without involvement of the im- 
plant/cement composite or quadriceps mechanism; type 
2, compromise of the implant/cement composite or 
quadriceps mechanism, often with an extension lag 
greater than 30 degrees (Fig. 28.4); type 3, fracture of 
the inferior pole of the patella with subclassification into 
types A, in which there is associated patellar ligament 
disruption, and type B, without ligament involvement; 
and type 4, more severe, and involving a fracture dis- 
location of the patella. 

Treatment depends most importantly on whether the 
extensor mechanism is intact, which is influenced by dis- 
placement, location, and orientation of the fracture. 
Fragment size, comminution, and patellar component 
stability also affect treatment options. 

If the patient can do a straight leg raise with a frac- 
ture displaced less than 5 mm and has a stable patellar 
component, the fracture can usually be treated without 
an operation. A cylinder cast or knee immobilizer can 
be used. With displaced transverse fractures, the exten- 
sor mechanism is dysfunctional and the patellar com- 
ponent is often loose. Treatment options include open 
reduction and internal fixation, removal of the patellar 
component if it is loose, with excision of fracture frag- 




Figure 28.4. Displaced horizontal periprosthetic patellar 
fracture. 



ments and salvage of the largest fragment. The patella 
can be left unresurfaced or can be resurfaced if the re- 
maining fragment is large enough. If severely commin- 
uted, patellectomy may have to be performed. It is im- 
portant to obtain a stable repair of the extensor 
mechanism. A lateral release may be done at the time 
of surgery if patellar tracking is an issue. 

When considering the Goldberg classification, type 1 
fractures are treated the same as undisplaced fractures, 
described above. Type 2 fractures are associated with 
an extensor lag, and are treated with tension band wiring 
or Bunnell suturing if there is an avulsion of the supe- 
rior pole. Type 3 fractures are treated with Bunnell su- 
turing through the tendon and then through vertical drill 
holes. Type 4 treatment depends on the exact fracture 
pattern. 

PATELLOFEMORAL INSTABILITY 

Patellofemoral instability is the most common extensor 
mechanism problem in total knee arthroplasty, with an 
incidence as high as 29%^^ (Fig. 28.5). It can result in 
clicking or catching in the knee, especially with stair 
climbing and rising from a seated position. Associated 
anterior knee pain and crepitus are common complaints. 
The final result may be component wear, loosening, or 
fracture. 

The key to dealing with this problem is identifying 
the cause. Several etiologies may result in instability. An 
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Figure 28.5. Lateral subluxed patella. 



imbalance of the extensor mechanism occurs when 
there is a tight retinaculum, or a weak vastus medialis 
resulting in lateral tilting, subluxation, or dislocation. 
Similar findings may result if there is a disruption of the 
medial retinacular repair postoperatively or if there is 
excessive valgus of the lower limb. Imbalance of soft tis- 
sue tension may be a cause if there is a difference in 
patellar bone resection from medial and lateral sides. 
Simmons^^ reported on 12 patients treated for patellar 
dislocation because of patella alta. They were all treated 
by transposing the patellar tendon distally with medial- 
ization. Another factor to consider is component posi- 
tioning. Instability is seen if the tibial or femoral com- 
ponents are internally rotated or medially shifted, or if 
there is lateral placement of the patellar component. 
When considering placement of the tibial component, 
the center of the tray should be placed over the medial 
one-third of the tibial tubercle. The femoral component 
should be about 3 degrees of external rotation (which 
is now built into most instrumentation). The surgeon can 
also consider one or all three of the following references 
to ensure accurate femoral positioning: Insall^^ lines up 
the component with the transepicondylar line; White- 
side^^ places the femoral component perpendicular to 
a line drawing in the center of the patellofemoral notch 
of the femur; the third option is to make the tibial cut 
first, then if there is a rectangular space between the 
tibia and femur in flexion, the femoral component will 
be accurately positioned. Finally, certain component de- 
signs predispose to instability of the extensor mecha- 
nism. For example, Campbell^^ reported a 5% incidence 
of patellar maltracking with the MGl. Poor design fea- 
tures include a shallow patellofemoral groove and a poor 
entrapment zox\^P 

Another bad design is seen with rigid hinges, which 
do not allow internal rotation in early flexion. In con- 



trast, some prosthesis rotating platform designs allow 
some rotation of the tibial prosthesis on the femur in 
both flexion and extension, making exact positioning 
unnecessary. 

Assessment of possible instability should occur intra- 
operatively. Placement of the patella in the trochlear 
groove and flexing and extending the knee with the tibia 
slightly internally rotated while assessing tracking (no- 
thumb technique) should be carried out and any cause 
of instability should be addressed. Also, direct observa- 
tion of the patella in the trochlear groove with flexion 
of the knee should be done to ensure central tracking 
with no tilting. 

Treatment can be divided into nonoperative and op- 
erative. The nonoperative methods include vastus me- 
dialis obliquus strengthening, bracing the patellofemoral 
joint, and having the patient avoid provocative activities 
such as squatting or stair climbing. Operative measures 
are aimed at correcting one of the possible causes. In 
general, the surgeon may consider a lateral retinacular 
release or realignment procedure. Proximal realignment 
can be done with a vastus medialis advancement. Dis- 
tal procedures include tibial tubercle osteotomy with me- 
dialization such as the Emslie-Trillat procedure. 

PATELLAR RESURFACING 

Most early knee prosthesis designs had no provision for 
patellar replacement; therefore, the patellofemoral joint 
was neglected when considering the arthroplasty (Fig. 
28.6). Contemporary knee arthroplasty systems have a 
capacity for patellar resurfacing, and more attention is 
now paid to this area. There is support for resurfacing 
in rheumatoid arthritis patients, but for osteo- 
arthritic patients opinions vary on whether to resurface 




Figure 28.6. Total knee arthroplasty with an unresurfaced 
patella. 
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or not. Proponents say that it gives predictable re- 
sults, while others argue that the reoperation rate 
is similar if the patella is resurfaced or not.^^’^^ The 
prevalence of patellar pain when the patella is not resur- 
faced ranges from 5% to 45%.^^’^^ However, these 
studies are retrospective and the implants used were 
poorly designed to deal with the patellofemoral joint. 
Sledge^^ reviewed 891 knee arthroplasties and found a 
higher rate of revision and peripatellar pain in the non- 
resurfaced group, whereas Greenwald reviewed 52 pa- 
tients with bilateral knee arthroplasties and found no dif- 
ference in pain when the patella was resurfaced or not. 
Our group studied 100 patients with osteoarthritis; pa- 
tients were randomized into resurfaced or nonresurfaced 
groups. Four patients (8%) in the nonresurfaced group 
have required reoperation within the first 5 years be- 
cause of anterior knee pain with resolution of their pain 
after resurfacing. However, the nonresurfaced group 
had significantly less anterior pain, and better knee flex- 
ion torques. This study did not take into account intra- 
operative findings, but as Scott^^ has stated, it was not 
possible from preoperative and interoperative findings 
to predict which patients might have patellofemoral 
symptoms following surgery. 

This leaves the surgeon with one of three possible 
strategies: always resurface the patella, never resurface 
the patella, or resurface the patella depending on clini- 
cal and intraoperative guidelines. 

We think absolute indications for resurfacing the 
patella would be rheumatoid arthritis, or when the 
operation is done for patellofemoral arthrosis. Relative 
indications include moderate to severe patellofemoral 
arthritis and when the knee implant used has a non- 
anatomic patellofemoral joint. 

PATELLAR COMPONENT LOOSENING 

The incidence of patellar component loosening is less 
than 2% in the cemented versus 0.6% to 13.5% in 
cementless components^’^’^^ (Fig. 28.7). Component 
loosening can be subdivided into aseptic and septic eti- 
ologies. Aseptic loosening has many causes, including 
loosening as a result of poor bone quality as seen in pa- 
tients with osteonecrosis or osteoporosis. Loosening can 
also occur if the surgeon utilizes poor cementing tech- 
nique or if cementing into deficient bone results in poor 
fixation. Other causes include abnormal stresses on the 
component causing loosening, as seen in patients with 
patellar subluxation or component malposition. Malpo- 
sition also leads to polyethylene wear, which in turn 
can cause debris-induced osteolysis disrupting the bone/ 
cement interface. The yield strength of ultra-high mo- 
lecular weight polyethylene is less than the patello- 




Figure 28.7. Probably loose patellar component with radi- 
olucency between the component and bone. 



femoral joint reaction forces, which can result in cold 
flow, deformation, and particulate debris formation if 
proper component positioning, conformity, and con- 
straint are not achieved. Finally, some component de- 
signs have been implicated as the cause of loosening. 

The diagnosis is confirmed by correlating the patient’s 
symptoms and signs with radiographic findings. On ra- 
diographs one may see a progressive radiolucency be- 
tween the bone and component/cement interface or 
even a displaced component. A diagnosis of displace- 
ment of the polyethylene is made easier if it contains a 
radiolucent marker. However, a loose patellar compo- 
nent may be relatively asymptomatic if it is stabilized 
by the surrounding soft tissue. Often during revision 
surgery, this can be seen as a meniscus-like structure 
around the edges of the polyethylene. But, with ad- 
vanced wear, peripatellar pain and an effusion will de- 
velop. 

Treatment depends on the mode of failure. If a cause 
of the loosening is found, it should be corrected and 
then the component revised. Patellar revision alone can 
be achieved with good results if the etiology is found to 
be isolated to the patella, but complication rates between 
24% and 33%^^ have been reported with single com- 
ponent revision of the patella. A new patellar compo- 
nent can be inserted if adequate bone stock remains 
(greater than 10-14 mm thick). If bone stock is not 
adequate, then retaining the remaining patella after 
smoothing of prominent edges results in good function. 
However, some surgeons prefer not to resurface at all 
in revision knee arthroplasty cases. (Lotke^^ also thinks 
this is the best method of salvage with a loose patellar 
component associated with osteonecrosis.) If adequate 
patella is not available during the revision, a technique 
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described by Buechel^^ can prove useful. He reports use 
of bone graft sutured into the extensor mechanism to 
help restore patellar function. 

METAL^BACKED PATELLA 

Metal-backed patellar components were introduced in 
an attempt to reduce forces in the implants, cement, 
and bone; however, polyethylene wear has become a 
significant problem with this design"^^”^^ (Figs. 28.8 and 
28.9). Problems arise because the metal occupies space, 
leaving a decreased thickness of polyethylene, which in 
turn leads to increased wear. The polyethylene is espe- 
cially thin at the periphery, which predisposes to wear. 
Exposed metal is the result and causes scratching of the 
femoral component, leading to more wear, debris, and 
osteolysis. These changes are often seen in the first 
2 years postoperatively."^"^”^^ Other modes of failure in- 
clude the metal not extending all the way out to the pe- 
riphery of the polyethylene, leading to deformation and 
possible breakage. In addition, fatigue fractures may 
occur at the peg-plate interface if the pegs are securely 
ingrown but the plate is not. Finally, as wear occurs, the 
polyethylene may dislodge from the metal if the locking 
mechanism is affected. 

The clinical signs of this occurrence include crepitus 
(audible and palpable) and an effusion. Confirmation 
with a radiograph is useful. A Merchant view is best and 
may show metal-on-metal, displaced polyethylene or 
metal synovitis (metal line sign). 




Figure 28.8. Metal-backed patella with polyethylene wear. 




Figure 28.9. Radiograph of a metal-backed patella with poly- 
ethylene wear. 

Treatment is to revise the knee arthroplasty. The ex- 
tent of the revision depends on the degree of damage. 
Intraoperatively, the surgeon may encounter extensive 
debris and black staining of the synovium. A synovec- 
tomy should be part of the procedure. These metal par- 
ticles may be found ground into the tibial polyethylene 
as well. Also noted is patellar polyethylene wear and 
scoring of the femoral component. This situation re- 
quires a complete revision to be performed. At time of 
revision, the metal may be solidly ingrown and require 
burrs or osteotomes to remove the component. 

REPAIR OF PATELLAR POUCH 

Most surgeons pay attention to proper repair of the 
patellar pouch while closing a knee arthroplasty, realiz- 
ing that inadvertent obliteration of the pouch leads to 
reduced knee flexion. Often while repairing the supe- 
rior aspect of a medial parapatellar incision, the pouch 
may be included with wide bites of the suture. This could 
lead to a decreased volume of the pouch, which may 
lead to decreased knee flexion. Some failures attributed 
to poor knee flexion in the postoperative period may 
be related to this problem, which in turn may leave the 
patient with significant disability. 

LOSS OF EXTENSOR MECHANISM 

Loss of the extensor mechanism results in a poorly func- 
tioning knee arthroplasty, which usually ends in failure. 
Weakness or a nonfunctioning extensor mechanism and 
a loss of anterior/posterior stability occurs. Loss of the 
extensor mechanism is seen in various conditions in- 
cluding acute or chronic ruptures of the patellar or quadri- 
ceps tendon or paralysis of the quadriceps muscle. 
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Quadriceps Tendon Rupture 

Quadriceps tendon rupture is less common than patel- 
lar tendon disruption^’^^ (Fig. 28.10). There are vari- 
ous situations in which a patient may be more likely to 
sustain a rupture of the tendon. It occurs more frequently 
if a lateral retinacular release has been performed.^ It is 
also thought to occur because of possible vascular dis- 
ruption or tendon damage during surgery. Other factors 
that have been implicated are repeat steroid injection, 
patellar component impingement, a previous proximal 
extensor mechanism realignment procedure resulting in 
disruption of blood supply, scar formation, and trauma. 

The treatment of an acute tear is repair by suture 
techniques. The tear usually occurs near or at the patel- 
lar attachment. A good method is to use Merseline no. 
5 suture and perform a grasping stitch (i.e., Bunnell) in 
the tendon, and then bring the two ends out through 
the distal aspect of the torn tendon. Next, drill holes are 
placed longitudinally from the superior pole to the in- 
ferior pole of the patella. The superior pole surface is 
prepared by roughening the bone surface to the point 
of bleeding to help in the healing of the tendon to the 
patella. Next, each of the suture ends are passed through 
one of the tunnels. This can be achieved by straighten- 
ing out the needle with two large needle drivers, or by 
using a suture passer. The ends are then tied together 



after the tendon has been secured tightly to the patella. 
The remainder of the torn soft tissue cuff can be over- 
sewn. This usually results in a good repair, which allows 
early range of motion and prevents stiffness of the knee. 
Occasionally, a bone fragment will be avulsed with the 
quadriceps tendon, and in this situation the stability of 
the patellar component (if present) should be assessed. 

Patellar Tendon Rupture 

Patellar tendon rupture is a complication feared by all 
orthopedic surgeons who perform total knee arthro- 
plasty, as the result can be devastating (Fig. 28.11). Pre- 
vention is the key, and great care is taken intraopera- 
tively to prevent any damage to the tendon. Our group 
often places a Vs-inch pin through the patellar tendon 
at the level of the tibial tubercle to stress relieve the ten- 
don insertion in these situations. For very tight expo- 
sures, the options include a quadriceps snip, quadriceps 
turndown, or tibial tubercle osteotomy. Care should be 
taken when carrying out a tibial tubercle osteotomy, or 
the surgeon may create the same problem he was try- 
ing to prevent. A butt joint implemented proximally can 
help prevent migration, and if the osteotomy is done 
properly, the nonunion rates are low.^^ Other intraop- 
erative factors that could result in patellar tendon dis- 
ruption include blood supply disruption with removal of 




Figure 28.10. Quadriceps tendon rupture (arrow). 




Figure 28.11. Patellar tendon rupture (arrow). 
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the fat pad for exposure. Also, excessive removal of the 
patellar bone or tibial bone may weaken the tendon 
attachment.^® 

Despite trying to prevent this complication, the inci- 
dence has been reported to be between 0.17% and 
1.4%.^’®^ These figures include the intraoperative and 
early and late postoperative periods. Other causes of 
early rupture include knee manipulation, and it has in- 
creased frequency with previous knee operations. Later 
disruptions can occur if the patient falls, resulting in hy- 
perflexion of the knee. Patients who receive systemic 
steroids or who have connective tissue disease, such as 
rheumatoid arthritis, lupus, or diabetes mellitis are at 
higher risk of rupture. Other factors include a higher in- 
cidence with distal patellar realignment procedures, con- 
strained implants, and component malalignment, which 
puts extra stress on the patellar tendon, resulting in 
rupture. 

Treatment may be unsatisfactory, and if this is the 
case, a knee arthrodesis may be the final outcome. How- 
ever, attempts at treating this problem have included 
operative and nonoperative measures and have had var- 
ious degrees of success. Nonoperative treatment is usu- 
ally not successful. It includes immobilization or the use 
of a double upright drop-lock knee brace. Various sur- 
gical treatment options have been attempted for repair, 
including direct suture repair, internal fixation of an 
avulsed bone fragment, extensor mechanism allograft, 
bovine xenograft,®^ Dacron graft, fascia lata graft, ham- 
string autograft, and a gastrocnemius flap. The follow- 
ing is a review of some of these techniques. 

If no defect is present in the tendon, then a direct 
suture repair may be attempted. Rand®^ reviewed 18 
patients who had repair with various techniques. None 
of the patients who had suturing and only half who had 
a staple repair had a successful outcome. Rand also stud- 
ied those patients treated with observation and immo- 
bilization, but again this did not lead to high rates of 
healing. Abril, however, reported good results in two 
cases of direct repair of the tendon to bone with Bun- 
nell suturing and placement of the sutures into a bone 
tunnel chiseled into the tibial tubercle, and then neu- 
tralizing the repair with a tension band wire. 

Other techniques need to be considered if a gap ex- 
ists in the patellar tendon. Finn®^ described the use 
of a medial gastrocnemius flap in seven patients. Im- 
provement in range of motion and decreased extensor 
lag was reported. Another advantage of this technique 
is that it allows for improved soft tissue coverage. The 
procedure involves extending the previous midline inci- 
sion distally and just medial to the tibia. A plane is de- 
veloped between the medial gastrocnemius and soleus. 
The medial gastrocnemius is divided distally at the 
Achilles tendon and left attached proximally, preserving 



the medial sural artery. It is then transposed to cover 
the tibial tubercle and sutured to the anterior compart- 
ment fascia. The patellar tendon and the anterior as- 
pect of the joint capsule are sutured to the medial bor- 
der of the flap. The patient is then casted for 6 weeks. 

Multiple graft methods have been utilized for recon- 
struction. Our center uses a similar technique to the one 
described by Ecker®® with good results. This method in- 
volves transfer of the semitendinosus, with or without 
reinforcement with the gracilis and supplemented with 
a heavy gauge wire (Fig. 28.12). A midline incision is 
made, followed by exposure of the semitendinosus and 
gracilis tendons at the pes aserinus. The tendons are 
then harvested with a tendon stripper, but left attached 
to the pes anserinus. Two large drill holes are made to 
accommodate the tendon in the distal patella, and an 
oblique hole is made through the tibial tubercle. The 
semitendinosus is inserted through the tibial tubercle 
hole and then through the patella lateral to medial. The 
gracilis is passed medial to lateral through the patella. 
The tendons are tightened and sutured to each other. 
The repair is protected by the heavy gauge wire placed 
through the distal pole of the patella. The patient is 
casted for 6 weeks. At this stage, the wire is removed 
and the knee is manipulated under general anesthesia. 

Other graft materials include bovine xenograft, fas- 
cia lata, and Dacron graft. Lanzetta®^ reviewed the use 
of fascia lata strips, but found it to lack the strength of 




Figure 28.12. Semitendinosus reconstruction of a ruptured 
patellar tendon. The gracilis tendon can be used in addition 
for extra supplementation. 
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intact tendons. Levin^^ presented a case report of patel- 
lar tendon reconstruction using a Dacron graft, through 
longitudinal holes in the patella and tibial tubercle, with 
good results in this patient. 

For more severe cases, Emerson^^’^^ published good 
results in 15 patients with the use of an extensor mech- 
anism allograft. The allograft consisted of the tibial tu- 
bercle, patellar tendon, resurfaced patella, and quadri- 
ceps tendon, which were freeze-dried or fresh frozen. 
Twelve had full passive extension, with six having no 
extensor lag and an average range of motion of 106 
degrees postoperatively. Complications included one 
graft rupture, one patellar component loosening, and 
one fracture. Zanotti^^ described a less extensive tech- 
nique with a good outcome in a case report of a less 
severely involved patient; an allograft bone-tendon-bone 
complex was used. The allograft bone is attached to the 
patient’s patella and the other end is secured by a screw 
into the tibial tubercle. 



CONCLUSION 

Extensor mechanism problems are frequent and can re- 
sult in early or late failure of a total knee arthroplasty. 
Serious technical consideration should be given to this 
area of knee joint replacement in order to achieve suc- 
cessful results. 
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Chapter 29 



Fractures Around Total Knee Prostheses 

David A. Padden and Michael A. Mont 



A S an inevitable consequence of the ever-increas- 
ing number of knee arthroplasty procedures 
performed, complications have arisen that often 
require knowledge and understanding of combined dis- 
ciplines such as trauma and reconstruction. Peripros- 
thetic fractures around a total knee prosthesis, although 
occurring uncommonly (incidence from 0.3% to 2.0% 
in multiple large studies), are potentially devastating 
injuries that may yield a poor implant result. Because 
of the relative paucity of these fractures and inherent 
difficulty in comparing most published studies, no es- 
tablished treatment regimen has been uniformly defined. 
This chapter enumerates a number of key points in pre- 
venting and managing these fractures. 



TYPE AND NATURE OF POSTOPERATIVE 
PERIPROSTHETIC FEMUR AND 
TIBIA FRACTURES 

Postoperative fractures around a total knee prosthesis 
typically occur as a result of low-energy trauma. They 
are most common in the elderly female patient with 
osteoporosis. An association with rheumatoid arthri- 
tis,i-3,5,6 corticosteroid use, and neurologic disorders 
have also been observed. These fractures have been re- 
ported to occur anywhere from early in the postopera- 
tive period (within 4 weeks) to more than 10 years 
after surgery, with most occurring between 2 and 4 
years. Anatomically, most authors have de- 
fined femoral periprosthetic fractures as those occurring 
up to 15 cm from the joint line.^4i definition has 
not been applied in the literature to tibial fractures. In 
this chapter we define both tibial and femoral peripros- 



thetic fractures as occurring within 15 cm of the joint 
line (Fig. 29.1). 

Appropriate evaluation requires a thorough history 
and physical examination, in addition to standard radi- 
ographs. Irrespective of the radiographic evaluation, the 
surgeon should determine if the patient can tolerate sur- 
gical intervention or whether nonoperative treatment is 
more appropriate. The functional performance of the 
knee arthroplasty prior to the fracture should be deter- 
mined. 

Physical examination should include a thorough 
check for concurrent injuries. Focus should be directed 
to an assessment of the injured limb, including a thor- 
ough neurovascular examination as well as an evalua- 
tion of the soft tissue envelope both proximal and dis- 
tal to the knee. Previous skin incisions should be noted. 
Open wounds, areas of skin breakdown, and, in rare in- 
stances, fracture blisters may need to be addressed prior 
to or in conjunction with definitive fracture manage- 
ment. 

Thorough radiographic assessment of periprosthetic 
fractures around the knee requires standard anteropos- 
terior and lateral radiographs. Long-leg views including 
the hip, knee, and ankle should be obtained when pos- 
sible. Often, patients may have additional ipsilateral 
arthroplasties or other implants that may limit treatment 
options, or require special-order implants, devices, or 
bone grafts for fixation or revision (Fig 29.2). This kind 
of information must be known prior to surgical inter- 
vention. Additionally, previous radiographs prior to the 
fracture should be reviewed with attention focused on 
alignment, bone quality and stock, implant fixation, and 
evidence of prosthetic wear. A patient with a loose pros- 
thesis will not do well regardless of fracture healing, and 
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Figure 29.1. A and B: Typical 
radiographic appearance of a supra- 
condylar femoral fracture above a 
well-fixed total knee arthroplasty. 



this should be understood by both patient and surgeon 
prior to embarking on any treatment plan. 

Periprosthetic supracondylar femur fractures are far 
more commonly encountered than periprosthetic tibial 
fractures. The incidence of supracondylar femur frac- 
tures after total knee arthroplasty is approximately 1%, 
with rates ranging from 0.5% to 2.0% in various large 
series. In one large series of periprosthetic tib- 

ial fractures consisting of 15 patients from the Mayo 
Clinic in the late 1970s, this complication represented 
1.7% of a group of 705 knee replacement patients.^ 
However, recent data from the same institution identi- 
fied only 71 postoperative tibial fractures between 1970 
and 1985, representing only 0.4% of the 17,727 total 
knee arthroplasties performed during that period."^ This 
apparent decline in the incidence of these fractures re- 
mains unexplained, but might be secondary to some of 
the preventative measures that are discussed later in this 
chapter. 

Due to the relative paucity of data on reporting of 
these fractures, no absolute guidelines have been es- 



tablished concerning fracture classification or what con- 
stitutes appropriate management. ^ 42-15 Several inves- 
tigators have applied the Neer classification^^ for distal 
femur fractures to distinguish femoral fracture types in 
total knee arthroplasties. This classification divides 
supracondylar fractures into types 1, 2A, 2B, and 3 
based on the degree of displacement, direction, and 
comminution. Type 1 fractures are nondisplaced (less 
than 5 mm displacement or 5 degrees of angulation). 
Type 2 fractures are displaced, and are subdivided de- 
pending on the direction of proximal femoral shaft dis- 
placement into medial (2 A) or lateral (2B) types. Type 
3 fractures include displacement combined with a sig- 
nificant degree of comminution. However, for the pur- 
pose of this discussion, based on our experience as well 
as our review of the literature, fractures will be classi- 
fied as either type 1 (nondisplaced Neer 1) or type 2 
(displaced and/or comminuted Neer 2 and 3). Both of 
these groups can then be further subdivided into knees 
with well-fixed components (A) or loose components (B). 
No attempt will be made to classify periprosthetic tibial 
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Figure 29.2. A and B: An ipsilat- 
eral cemented revision total hip 
arthroplasty may compromise fixa- 
tion and contribute to a nonunion 
and loss of reduction. 




fractures, as nriost of these are associated with loose 
components requiring revision. The other rare tibial frac- 
tures involving the shaft, spine, or tuberosity are usually 
treated nonoperatively or in a manner similar to frac- 
tures not associated with total knee prosthetic compo- 
nents. 



PREVENTION OF PERIPROSTHETIC 
FACTORS AROUND TOTAL 
KNEE PROSTHESES 

As the technique of total knee arthroplasty has been re- 
fined with later-generation instrumentation systems as 
well as newer prostheses, attempts to prevent compli- 
cations associated with the procedure have focused on 
technical points other than those related to patient se- 
lection. The importance of accurate and meticulous sur- 



gical technique cannot be understated in the overall 
success of total knee arthroplasty. They are of major 
importance in the frail, osteopenic, medically fragile, or 
neurologically impaired individual to whom peripros- 
thetic fractures primarily afflict and in whom minor er- 
rors in technique can lead to this complication. 

Early in the history of total knee arthroplasty, several 
authors observed a relationship between a properly po- 
sitioned prosthesis and a good result. This point 
would appear to take on added significance in the pre- 
vention of periprosthetic tibial fractures, as a number of 
authors have demonstrated a significant association be- 
tween varus angulation and tibial stress fractures. 

The role of breeching of the anterior femoral cortex 
(notching) and its association with supracondylar frac- 
tures of the femur was initially presented by Culp and 
co-workers,^ who found a 29.2% decrease in polar 
moment of inertia with 3-mm notches of the anterior 
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cortex. In addition, they found that 27 periprosthetic 
femoral fractures were associated with a notched ante- 
rior femoral cortex out of a series of 61 fractures (44%). 
However, Ritter and associates'^ reported a much larger 
series of 570 knees, of which 138 (24.2%) had notch- 
ing in excess of 3 mm, in which only one periprosthetic 
fracture had occurred at 2- to 10-year follow-up. Be- 
cause of the rarity of this complication, no firm con- 
clusion can be derived from these series concerning the 
role of notching or the rate of fracture after notches. 
Based on our own experience and that reported in the 
literature, we cannot offer guidelines concerning the 
need for any prophylactic measures such as bracing or 
restricted weight bearing or activity to be used after 
notching. At the present time, we would not recom- 
mend any alteration in therapy or weight-bearing status 
in patients with notched femurs. 

Gentle handling of tissues in the revision setting and 
in the treatment of the ankylosed joint is necessary as 
both of these scenarios are associated with increased 
rates of periprosthetic fractures. In the revision setting, 
overall bone stock and the quality of bone stock present 
are often compromised, and thus the use of excessive 
forces in implant removal, impaction, reaming, and trial 
reductions is likely to have a large impact on the re- 
maining bone. The ankylosed joint, with its increased 
stresses on the distal femoral metaphysis, requires sim- 
ilar care in the prevention of fracture. Manipulation of 
these joints should be performed gently, and revision of- 
ten requires wide exposure with additional techniques 
such as quadriceps muscle turndown or tibial tubercle- 
plasty utilized as necessary. 

TREATMENT, MANAGEMENT, AND 
SALVAGE OF FRACTURES AROUND 
TOTAL KNEE PROSTHESIS 
FEMORAL FRACTURES 

The treatment of supracondylar femur fractures ipsilat- 
eral to a total knee prosthesis must be managed on an 
individual basis. Advocates for either initial nonopera- 
tive management or early operative intervention may 

be found in the literature. ^’^’^41,21-23 studies by 

Delport and coworkers^^ and Hirsch and associates, 
traction and casting were reported to provide for suc- 
cessful patient outcome in most cases. In contrast. Short 
and coworkers^^ discouraged closed treatment and rec- 
ommended open reduction and internal fixation. Simi- 
larly, Bogach and associates^ advised internal fixation 
of these fractures after attaining poor results in their 
patients treated nonoperatively. In 1987, Culp and 
coworkers^ reported on the largest series to date. In 
this multicenter study, they compared the clinical out- 



come of 31 fractures treated with surgery versus 30 
fractures treated without surgery and they concluded 
that initial secure internal fixation and early range-of- 
motion was the treatment of choice. However, subse- 
quent reports have demonstrated success with nonop- 
erative treatment, ^42, 24, 25 once again indicating that 
controversy exists concerning the preferred treatment 
of these fractures. 

Type I (nondisplaced) fractures should initially be 
treated nonoperatively with either a cast or a cast-brace 
(Fig. 29.3). The patient must be able to ambulate safely 
with appropriate precautions until union has occurred. 
Restriction to minimal toe-touch weight bearing (20% 
of body weight) for balance is advisable. It is imperative 
that follow-up radiographs be periodically obtained to 
ensure that displacement does not occur during this 
treatment method. Early range-of-motion exercises 
should be utilized and maintained throughout the course 
of treatment. Although the results of bracing and early 
knee motion have not been well documented in the lit- 
erature, Chen and coworkers,^^ in a pooled metanaly- 
sis series (25 of 30 cases) tabulated that nonoperative 
treatment resulted in an 83% success rate. Unfortu- 
nately, the paucity of data regarding operative treatment 
of type I fractures makes exact recommendations for 
nonoperative treatment or comparisons to operative 
treatment impossible. 

Nonoperative management of these fractures avoids 
the potential surgical risks such as deep infection, peri- 
operative death, nonunion, and malunion. However, 
these risks must be weighed against the potential pit- 
falls of nonoperative management. Although there ap- 
pears to be a similar incidence of malunion and/or 
nonunion in both surgical and nonsurgical groups, sev- 
eral authors have reported greater loss of motion fol- 
lowing nonoperative treatment.^’^’^ Immobilization in 
nonsurgically treated patients in these reports ranged 
from 3 to 12 weeks. It is likely that this period of im- 
mobilization not only affected the patients’ return to pre- 
fracture range of motion, but also placed these patients 
at increased risk for deep vein thrombosis, pulmonary 
embolism, pressure sores, as well as psychological de- 
terioration. 

Despite these potential risks, nonoperative manage- 
ment of nondisplaced periprosthetic femur fractures 
should be sought as a primary treatment modality in this 
population. As cast-bracing devices and techniques con- 
tinue to improve, the period of immobilization has de- 
creased and will likely lead to even greater success than 
has been reported historically. Furthermore, if nonop- 
erative treatment fails to achieve a satisfactory outcome, 
Chen and colleagues^ ^ reported that the patients can 
be salvaged with an operative procedure secondarily 
performed. They found an 89% success rate (17 of 19 
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Figure 29.3. 



A and B: Healed periprosthetic supracondylar femoral fracture treated with casting followed by cast-brace. 





cases) after salvage operations for patients initially 
treated with nonsurgical intervention. The treatment of 
type II fractures (displaced/comminuted) is less well de- 
fined. Prosthetic loosening in this scenario should be 
treated with revision arthroplasty. However, with a well- 
fixed femoral component, the results of open reduction 
and internal fixation versus traction or casting have not 
been shown to result in statistically different results. 
Open reduction and internal fixation should be sought 
if the patient is unable to tolerate prolonged bed rest, 
if bone is of sufficient quality to maintain fixation, if the 
surgeon is technically able to perform the procedure, or 
if the patient has multiple or bilateral fractures. Traction 
followed by casting is a viable option if the patient can 
tolerate bed rest, acceptable alignment is both achiev- 
able and maintainable, bone is of poor quality preclud- 
ing internal fixation, or if there is an unacceptably high 
risk of infection. 

Many forms of operative treatment have been em- 
ployed in the fixation of periprosthetic femur fractures. 
Open reduction and internal fixation with various plates 
and screws, external fixators, intramedullary rods, and 
revision prostheses, have all been utilized in various set- 
tings to achieve a successful result. Regardless of the 
technique chosen, acceptable fracture alignment and 
stability must be obtained to allow for early knee mo- 
tion and partial weight bearing if possible. Prior to se- 
lection of an implant or fixation device, the surgeon 



must consider the degree of displacement and angula- 
tion, the overall extremity alignment, bone quality, bone 
damage in the distal condylar fragment, and both the 
knee implant in place as well as other implants in the 
ipsilateral limb. 

PLATE AND SCREW FIXATION 

Fracture plates, condylar buttress plates, blade plates, 
and condylar screws may all be utilized by the surgeon 
if sufficient bone is available in the distal fragment to 
obtain rigid fixation (Fig. 29.4). Although the condylar 
screw and blade plate provide the most rigid fixation, a 
condylar buttress plate provides greater flexibility if mul- 
tiple fracture lines exist in the distal fragment. If frac- 
ture stability is not evident after the application of one 
of these plates, additional fixation with cortical bone, al- 
lograft, bone cement, double plating, or additional allo- 
graft strutting should be performed. If at least four bi- 
cortical screws cannot be obtained in the proximal 
fragment secondary to a previous hip implant, the plate 
should overlap the hip implant proximally by at least 
2 V 2 cortical diameters and fixation supplemented with 
cerclage wires as necessary. 

Good clinical results with plate and screw fixation 
have been obtained by several authors. Healy 

and associates'^ found a 90% of fractures healing rate 




Figure 29.4. A and B: Healed peripros- 
thetic fracture treated with condylar 
buttress plate and allograft strut. C and 
D: Exannple of Fig. 29.2 after takedown of 
nonunion. Fixation obtained with use of 
allograft strut, plate, liberal bone graft, and 
multiple cerclage wires. 
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(18 of 20) and demonstrated comparable Knee Society 
scores with the use of a blade plate, condylar screw, or 
buttress plate. Zehntner and Ganz^^ also reported suc- 
cessful results with the use of the condylar buttress plate 
in all six patients. They described the use of polymethyl- 
methacrylate bone cement as an adjunct to fixation in 
highly osteopenic bone, and cautioned against the ex- 
tensive medial periosteal stripping required for double 
plating. Regardless of the plate and/or screw system 
chosen, rigid fixation, limited periosteal dissection, and 
adjunctive measures including liberal use of bone graft- 
ing, supplemental cement, and secondary strutting with 
allograft or plates, should be utilized to maintain reduc- 
tion. 

EXTERNAL FIXATION 

Although external fixation has been employed in a lim- 
ited number of case reports to obtain alignment of peri- 
prosthetic supracondylar femur fractures, for the most 
part it is contraindicated.^ Pin-site infections are an in- 
evitable consequence of external fixators. The proxim- 



ity of these pins to the prosthesis in order to allow for 
range of motion, with the subsequent risk of prosthetic 
infection, make this technique highly undesirable. 

INTRAMEDULLARY ROD FIXATION 

The use of intramedullary rod fixation, either flexible or 
rigid, has been described recently by several authors (Fig. 
29.5).^^“^^ The reported numbers involving these fixa- 
tion devices is rather low, and thus neither technique 
can be considered the gold standard in fixation of supra- 
condylar femur fractures proximal to total knee arthro- 
plasties. Several points must be emphasized, based on 
the literature, to aid the surgeon in the use of these rods. 
Rush rods and Zickel nails are better suited for mini- 
mally displaced fractures with little or no comminution. 
They must provide enough stability to allow early range 
of motion, without loss of reduction if they are to be 
employed. Supracondylar rods placed in a retrograde 
fashion through the intercondylar space in the femoral 
component require knowledge of intercondylar distance 
and nail diameter. At least two locking screws should 



Figure 29.5. A and B: Union of 
fracture in Fig. 29.1 after treatment 
with locked supracondylar in- 
tramedullary femoral nail. 
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be obtained in the distal fragment, and preferably the 
rod should pass the isthmus for additional stability. The 
advantages of intramedullary techniques include minimal 
disturbance of fracture hematoma, little or no periosteal 
stripping, rigid fixation, and decreased operative time. 
Complications include rod migration, femoral shorten- 
ing, nonunion, loss of motion, and infection. It is likely 
that with the use of reamed nails, nonunion rates can 
be brought to a minimal level with this technique. 

FEMORAL COMPONENT REVISION 

Revision of the femoral component to a long-stemmed 
or custom component may be performed for treatment 
of these fractures. The decision to revise imme- 
diately or obtain fracture healing initially followed by de- 
layed revision depends on both the surgeon’s skill level 
and patient characteristics. Preoperative planning should 
take into consideration the possible need for highly con- 
strained prostheses, custom-made tumor prostheses, or 
custom-made revision prostheses. If custom-made tumor 
prostheses are utilized, careful attention to rotation and 
length should be ensured, and step-cutting of the allograft 
should be performed to obtain further rotational stability. 

TIBIAL FRACTURES 

Periprosthetic tibial fractures are hypothesized to com- 
monly occur as a result of fatigue failure of the tibia sec- 
ondary to axial malalignment and improper orientation 
of early components. The present-day metal- 
backed components and improved alignment techniques 
have made this complication quite rare. Revision of the 
tibial component to a long-stemmed prosthesis with or 
without the use of wedges has been reported to provide 
a satisfactory result for this complication. Fractures 
below the level of the prosthesis in the diaphysis of the 
tibia may be treated with conventional orthopedic tech- 
niques including casting or cast-bracing for nondisplaced 
fractures. For displaced on comminuted cases, external 
fixation, internal fixation, a variety of intramedullary tech- 
niques (Rush pins, Enders nails), or revision to a long- 
stemmed revision component can be utilized. The paucity 
of data concerning these complications does not lead to 
the conclusion of any clear-cut advantage of one tech- 
nique over another. Hence, treatment options should be 
based on the medical condition of the patient, bone qual- 
ity, stability of the prosthesis, and the surgeon’s skill. 

CONCLUSION 

Periprosthetic femoral or tibial fractures around total 
knee prostheses are rare complications. Treatment is 



based on assessment of various patient factors including 
their medial condition, as well as a careful radiographic 
evalutation. In general, nondisplaced fractures can be 
treated nonoperatively. Displaced fractures may be 
treated by a variety of techniques, taking into account 
the prior prosthetic function, proximity of the fracture, 
stability of the components, and overall bone quality. 
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Chapter 30 



Patellar Fractures in Total 
Knee Arthroplasty 



Charles L. Nelson and Russell E. Windsor 



A S surgical technique and implants have im- 
proved, the longevity of femoral and tibial com- 
ponents and the clinical results following total 
knee arthroplasty have improved as well. The primary 
source of complications following total knee arthroplasty 
in many series has been related to the extensor mech- 
anism or patellofemoral joint. These complications 
have included unexplained anterior knee pain, patellar 
clunk syndrome, patellar instability, patellar component 
disassociation, patellar component wear, patellar loos- 
ening, quadriceps or patellar tendon rupture, and patel- 
lar fracture. Patellar resurfacing may decrease the inci- 
dence of anterior knee pain, and has decreased the rate 
of reoperation following total knee arthroplasty.^”^ 
However, this may occur at the potential expense of in- 
creased rates of patellar implant-related complications 
including patellar component loosening, patellar sub- 
luxation or dislocation, and patellar fracture. 

The incidence of patellar fractures following total 
knee arthroplasty has ranged from 0% to 21%.^’’^’^“^'^ 
The incidence is likely artificially low in some series 
secondary to undetected asymptomatic fractures, limited 
follow-up, or inadequate imaging. The incidence may 
be artificially high in other series secondary to prosthetic 
designs or issues relevant to surgical technique. Patellar 
fractures represent a spectrum of disease from minimally 
displaced longitudinal stress fractures to widely displaced 
transverse or comminuted fractures associated with a 
significant extensor lag. Minimally displaced longitudinal 
stress fractures are generally treated nonoperatively and 
conservatively with excellent results. Significantly 
displaced transverse or comminuted fractures often do 
poorly despite surgical interventions including open re- 
duction and internal fixation with tension band or cir- 
clage wiring, revision of the patellar component, and 



patelloplasty or patellectomy with repair of the exten- 
sor mechanism. ^TO-12, 15 



TYPES OF PATELLAR FRACTURES 
FOLLOWING TOTAL KNEE ARTHROPLASTY 

There are several methods by which patellar fractures 
have been classified in the past. 12 , is [sjone of these 
systems alone is sufficient to predict prognosis or out- 
line a treatment algorithm. Patellar fractures have been 
classified based on mechanism as traumatic or atrau- 
matic fractures. Some authors have described the 
fractures according to the degree of displacement as 
being displaced or nondisplaced. The criteria for dis- 
placement have varied from >5 mm to >2 cm.^’^^ 
Patellar fractures have also been classified according to 
fracture pattern, such as transverse, longitudinal, or 
comminuted. A scheme has been developed that clas- 
sifies these injuries into four major types: type I, frac- 
tures that do not involve the implant/cement compos- 
ite or the extensor mechanism; type II, fractures that 
involve the implant/cement composite or extensor 
mechanism; type IlIA, inferior pole fractures with asso- 
ciated patellar ligament rupture; and type IIIB, inferior 
pole fractures without patellar ligament rupture. Pure 
patellar fractures are also distinguished from fracture dis- 
locations in this classification scheme. 

For the surgeon to properly characterize these in- 
juries and decide on appropriate treatment, a thorough 
history, review of records, physical examination, and ra- 
diographic evaluation must be performed. The history 
is important in determining whether a fracture is trau- 
matic, and how much associated energy was used to 
create it. The duration between the surgical procedure 
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and fracture may help identify predisposing factors in 
atraumatic situations, i.e., not associated with an actual 
injury. A history of patellar subluxation or dislocation, 
either at or prior to the time of fracture, may identify 
technical or patient factors leading to it. A history of 
multiple prior knee surgeries, lateral retinacular release, 
and fat pad excision may create devascularization of the 
patella, potentially predisposing it to fracture. This com- 
promised blood supply may also potentially decrease the 
likelihood of achieving union following internal fixation. 

The physical examination is critical to the evaluation 
of these patients. The presence of a palpable defect and 
the presence of a significant extensor lag are poor prog- 
nostic factors for a good functional result with nonop- 
erative treatment. Pain and tenderness may be associ- 
ated with more displaced fractures with or without 
component loosening. Radiographic studies provide 
valuable information regarding degree of displacement, 
component loosening, fracture pattern and location, 
component positioning, and tibiofemoral alignment. In 
one study, implant alignment was shown to be related 
to the severity of patellar fractures following total knee 
arthroplasty, as well as to the results following treat- 
ment.^^ Bone scans may determine whether the frac- 
tured patella is avascular. 



PREVENTION OF PATELLAR FRACTURES 
FOLLOWING TOTAL KNEE ARTHROPLASTY 

Treatment of patellar fractures following total knee 
arthroplasty begins with prevention. Generally accepted 
factors predisposing to patellar fracture following total 
knee arthroplasty include the following: (1) The inci- 
dence of patellar fractures following knee replacement 
is higher in series where the patella is resurfaced than 
in series where the patella is not resurfaced. (2) The 
incidence of patellar fractures is higher following resur- 
facing in revision total knee arthroplasty than following 
resurfacing in primary total knee arthroplasty.^^ (3) 
Technical factors such as overresection or underresec- 
tion of the patella may predispose to patellar fracture 
following total knee arthroplasties involving patellar 
resurfacing. 

It is recommended for onset patellar resurfacing that 
resection of the patella be parallel to the anterior sur- 
face of the patella, leaving a thickness of 1 to 1.5 cm 
following resection.^ The goal is a composite resurfaced 
patella of a thickness equal to the native patella prior 
to resection. The composite resurfaced patella should 
not be thicker than the native patella prior to resurfac- 
ing to avoid overstuffing the patellofemoral joint. In the 
setting of severe patellar erosion, such as in cases of ad- 
vanced rheumatoid arthritis, some authors advocate ob- 
taining a composite thickness of approximately 26 mm 



in males and 23 mm in females. These thicknesses are 
believed to be the normal respective native patellar thick- 
ness.^^ Resection of bone overhanging the patella can 
lead to weakening of the remaining structure and should 
be avoided. 

For inset patellar resurfacing, it is recommended that 
reaming be performed perpendicular to the anterior 
patellar surface, and that the starting point be medial- 
ized to the region of the center ridge to facilitate patel- 
lar tracking. The goal is to restore the native patellar 
thickness with the composite structure following ream- 
ing, except in the case of severe patellar erosion where 
the goal is to obtain a composite thickness of approxi- 
mately 26 mm in average size males and 23 mm in av- 
erage size females as discussed above. 

Technical factors such as failure to perform a lateral 
release or malrotation or malalignment of the tibial or 
femoral components can lead to patellar subluxation or 
dislocation, which can predispose to patellar frac- 
tures. Assessing the need for a lateral release is con- 
troversial, with some authors recommending the “no- 
thumbs” technique, which involves assessing patellar 
tracking without a thumb manipulating the patella. Other 
authors feel it is reasonable to check patellar tracking 
following placement of a towel clip or suture between 
the vastus medialis insertion and apex of the patella to 
simulate tracking of the patellofemoral mechanism fol- 
lowing closure. The latter is our preference to avoid un- 
necessary lateral releases. The lateral release should be 
performed 1.5 to 2 cm lateral to the lateral edge of the 
patella, as previous studies have demonstrated that re- 
leasing the retinaculum less than 1.5 cm from the patella 
compromises the lateral patellar circulation. Other 
factors that contribute to abnormal lateral patellar track- 
ing with excessive contact pressures are internal rotation 
of the femoral component and medial rotatory posi- 
tioning of the tibial component. Internal rotation of the 
femoral component in excess of the epicondylar axis will 
result in abnormal patellar forces developing from the 
lateral flange of the prosthesis. Medial rotation of the tib- 
ial component in a fixed-bearing design will create sec- 
ondarily an excessive quadriceps angle of the patellar 
tendon, predisposing to dislocation, subluxation, or frac- 
ture. The surgeon should carefully assess these three fac- 
tors to ensure proper patellar tracking. 

Theoretical factors that may predispose to patellar 
fractures following total knee arthroplasty include the 
following: bone necrosis due to either disruption of the 
patellar blood supply or thermal effects of polymerizing 
polymethylmethacrylate (PMMA) cement; and other bio- 
mechanical factors, such as the creation of stress risers 
during patella preparation, and increased patellofemoral 
joint reaction forces. 

The blood supply to the human patella has been well 
described by Scapinelli.^^ The patella has both an ex- 




30: Patellar Fractures in Total Knee Arthroplasty 415 



traosseous and an intraosseous arterial supply. The ex- 
traosseous blood supply involves a vascular anastomotic 
ring surrounding the patella with contributions from the 
supreme genicular, medial superior genicular, lateral su- 
perior genicular, medial inferior genicular, lateral infe- 
rior genicular, and anterior tibial recurrent arteries. The 
lateral and medial superior geniculate arteries were 
noted to join just superior to the patella and anterior to 
the quadriceps tendon. The lateral and medial inferior 
geniculate arteries, on the other hand, were noted to 
anastomose posterior to the patellar tendon in the fat 
pad to form the transverse infrapatellar artery. The in- 
traosseous blood supply can be divided into two major 
systems: midpatellar vessels enter vascular foramina on 
the anterior surface of the middle third of the patella, 
and polar vessels enter the deep surface of the patella 
between the attachment of the ligamentum patellae and 
the articular surface. 

A medial parapatellar approach, the approach most 
often utilized during total knee arthroplasty, disrupts the 
medial extraossous blood supply to the patella (Fig. 
30.1).^^ A lateral release may disrupt a portion of the 
lateral extraosseus blood supply as well. Subvastus and 
midvastus approaches during total knee arthroplasty 
may not disrupt the entire medial extraosseus blood sup- 
ply to the patella. Excision of the fat pad may further 
disrupt the extraosseous blood supply by disrupting the 
transverse infrapatellar artery. Theoretically, reduced 




Figure 30.1. The blood supply to the human patella. The 
bold line depicts a standard medial parapatellar arthrotomy. 
The dashed line depicts a standard lateral retinacular release. 



blood supply could result in inability to heal stress frac- 
tures and to an increased fracture rate following total 
knee arthroplasty. Postoperative bone scans have dem- 
onstrated decreased patellar perfusion following medial 
parapatellar arthrotomies with concurrent lateral re- 
leases. However, clinical studies have failed to docu- 
ment whether lateral release and/or fat pad excision 
clinically predisposes to patellar fracture. 

Implants of greater constraint may create increased 
loads across the patellofemoral joint, predisposing to 
patellar fractures. Support for this hypothesis includes 
the higher rates of patellofemoral symptoms with early 
posterior stabilized designs compared with the total 
condylar prosthesis. However, the higher fracture 
rates with posterior stabilized designs may be secondary 
to patients gaining greater flexion postoperatively and 
thereby generating increased forces across the patello- 
femoral joint. 

Biomechanical studies have demonstrated that a large 
central fixation hole is associated with more strain than 
the peripheral three-peg designs, thereby potentially 
predisposing to patellar fracture.^ In addition, some sur- 
geons believe that an inset patella is at an increased risk 
of fracture over that of an onset patella secondary to 
the large central reaming that is performed during pa- 
tellar preparation. Biomechanical studies comparing bi- 
concave inset and three-peg onset patella both follow- 
ing preparation and following implantation have evalu- 
ated the theoretical risks of patellar fracture with these 
designs. Interestingly, these studies demonstrate that al- 
though the onset patella is stronger following prepara- 
tion, the inset patella composite is stronger following 
implantation when tested using a three-point bending 
mode.^^ This suggests no increased predisposition to 
fracture with the inset patella, unless the component 
loosens. Clinical studies have had varying incidences of 
fractures using either design, and clinically there is no 
clear support of predisposition to patellar fracture as- 
sociated with either design. 

Most surgeons routinely resurface the patella by us- 
ing an onset three-peg patella prosthesis, and should 
adhere to the principles outlined above. The patella may 
be resected freehand or with a patellar resection guide 
(Fig. 30.2), parallel to the anterior surface, leaving a 
minimum thickness of 1 to 1.5 cm. Patellar thickness 
should be measured before and after resection with the 
patellar trial component attached. If the trial patella com- 
posite is thicker than the native patellar dimension, and 
there is greater than 1 cm of patella remaining, the pa- 
tella is resected again to avoid overstuffing the patello- 
femoral joint. The patellar component is positioned me- 
dially on the surface of the resected patella to facilitate 
proper patellar tracking. Every attempt should be made 
to preserve the lateral superior geniculate artery when 
doing a lateral release. A lateral retinacular release is 
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Figure 30.2. A patellar resection guide designed to facilitate 
ideal postresection patellar thickness parallel to the anterior 
surface of the patella. The goal is to avoid underresection lead- 
ing to overstuffing the patellofemoral space, and overresec- 
tion leading to a thin patella potentially predisposed to patel- 
lar fracture. 

done 1.5 to 2 cm from the patella when the extensor 
mechanism does not track properly following a simu- 
lated closure as outlined above. Also, preservation of 
the fat pad during initial exposure of the lateral tibial 
plateau will help maximize the blood supply to the 
patella. 

Femoral external rotation should be assessed with ref- 
erence to the posterior femoral condyles, the epi- 
condylar axis, and the midtrochlear line to avoid mal- 
rotation. In cases of severe posterior condylar erosion, 
the epicondylar axis is used as the reference point. The 
tibial component is independently positioned to face the 
medial third of the tibial tubercle to avoid inadvertent 
lateral rotation of the tibial tubercle following implanta- 
tion. This maneuver is particularly important if a fixed- 
bearing total knee replacement design is utilized. In re- 
vision total knee arthroplasty, the patella is generally 
resurfaced only when there is adequate bone stock (at 
least 1 cm). However, with central erosion, it may be 
possible to implant an inset biconcave patella even if 
the central thickness is less than 1 cm. 

TREATMENT, MANAGEMENT, AND 
SALVAGE OF PATELLAR FRACTURES 
FOLLOWING TOTAL KNEE ARTHROPLASTY 

Management of patellar fractures following prior total 
knee arthroplasty procedures is dependent on the pa- 
tient’s presentation, symptoms, physical findings, and 
radiographs. Many postarthroplasty patellar fractures 
are noted incidentally on follow-up radiographs in 
asymptomatic patients. These fractures are best man- 



aged conservatively. In fact, nonoperative management 
is the standard of care for most patellar fractures oc- 
curring in patients with prior total knee arthroplasty pro- 
cedures. However, in some cases surgical interven- 
tion is necessary, with the goal of obtaining a satisfactory 
functional outcome. 

Nonoperative management of postarthroplasty patella 
fractures is recommended for a spectrum of fractures 
including (1) asymptomatic or symptomatic stress frac- 
tures; (2) asymptomatic fractures noted incidentally on 
radiographs; (3) nondisplaced transverse, vertical, or 
comminuted fractures; and (4) some displaced commin- 
uted and vertical fractures in which the extensor mech- 
anism is intact functionally. ^42 Nonoperative manage- 
ment of the above fractures assumes absence of 
associated patellar dislocation or component loosening 
(Fig. 30.3). Stress fractures, or asymptomatic fractures 
noted incidentally on radiographs require only observa- 
tion.^ Nondisplaced vertical, transverse, or comminuted 
fractures should be managed nonoperatively in a cylin- 
der cast for 6 weeks. ^ The knee is placed in approxi- 
mately 5 degrees of flexion in the cylinder cast to pre- 
vent excessive tension on the posterior capsule of the 
knee and to improve patient comfort. Full weight bear- 
ing is allowed in the cylinder cast. Isometric quadriceps 
and hamstring exercises can be instituted within the 




Figure 30.3. Superior pole patellar fracture. The patellar 
component appears to be well fixed. Because the patient has 
an intact extensor mechanism on physical examination, this 
fracture can be treated conservatively in a cylinder cast. The 
patellar fragment can be excised at a later time if it remains 
symptomatic. 
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cylinder cast when the acute pain has subsided. Physi- 
cal therapy with gentle active and active assisted range 
of motion is begun following removal of the cylinder 
cast at 6 weeks. Isometric strengthening is continued, 
and isotonic strengthening is added once active flexion 
reaches 90 degrees. Displaced vertical and comminuted 
fractures can be managed nonoperatively in a cylinder 
cast for 6 weeks provided that the extensor mechanism 
is intact on clinical examination and their patellar com- 
ponent appears to be well fixed and aligned normally 
in the trochlear grove. 

Surgical intervention is recommended for any patella 
fracture associated with a significant extensor lag. These 
include displaced transverse fractures, some displaced 
comminuted fractures, and inferior pole patellar frac- 
tures associated with disruption of the extensor mecha- 
nism. 5 Surgical intervention should be considered 
for patellar fractures with associated component loos- 
ening, malalignment, or patellar dislocation regardless 
of fracture pattern. Surgical options include open re- 
duction and internal fixation of the patella with or with- 
out retention of the patellar component, partial patel- 
lectomy with or without placement of a new patellar 
component, and total patellectomy with reconstruction 
of the extensor mechanism. In cases having significant 
malalignment or malrotation of the femoral or tibial 
components, patellar subluxation or dislocation in as- 
sociation with a patellar fracture may only be corrected 
by revision total knee arthroplasty. The clinical results 
of postarthroplasty patellar fractures requiring opera- 
tive intervention have for the most part not been 

good.7^ihi2,i5 

Open reduction and internal fixation with repair of 
the patellar retinaculum is recommended for displaced 
transverse fractures demonstrating an extensor lag, pro- 
vided that there is sufficient bone available for fixation.^ 
Reduction and fixation are much more difficult com- 
pared with nonarthroplasty traumatic patellar fractures. 
The patellar bone may be sclerotic and nonviable sec- 
ondary to prior surgical approaches and/or the toxic ef- 
fects of PMMA cement. The patella will be thinner, and 
cement or the patellar component may interfere with 
internal fixation. Fixation can be acquired with longitu- 
dinal Kirschner wires and a tension band. However, in 
cases with severely compromised patellar bone stock, 
circlage wiring or patellectomy with reconstruction of 
the extensor mechanism may be required. If the patel- 
lar component is loose, in most cases, no new implant 
is replaced as the residual bone stock is usually insuffi- 
cient. Because rigid internal fixation is usually not pos- 
sible in these patients, we immobilize these patients in 
a cylinder cast for 6 weeks following internal fixation. 
This is followed by rehabilitation similar to nonopera- 
tively treated postarthroplasty patellar fractures. 



Displaced comminuted fractures associated with a sig- 
nificant extensor lag are in many cases not amenable 
to internal fixation.^ For these injuries, circlage fixation 
with partial patellectomy and repair of the extensor 
mechanism is recommended, if possible. Salvage pro- 
cedures include total patellectomy with repair of the 
extensor mechanism, or the use of a quadriceps 
tendon-patella-patellar tendon-tibial tubercle compos- 
ite allograft to reconstruct the extensor mechanism in 
cases where repair of the extensor mechanism is im- 
possible and the extensor lag is significant. The risks of 
utilization of these large bulk allografts include sepsis 
and late fatigue failure. 

Inferior pole fractures associated with patellar tendon 
rupture can be managed with excision of the inferior 
pole fragment, and repair of the patellar tendon with a 
heavy nonabsorbable suture^^ (Fig. 30.4). The repair 
may be reinforced with either autograft tendon from the 
hamstrings, wire or merseline tape passed through drill 
holes in the patella, and tibial tubercle. Postoperative 
management and rehabilitation is dependent on the 
strength of the repair obtained. However, a more con- 
servative approach is favored in this setting as decreased 
flexion is better tolerated and more salvageable than a 
significant extensor lag. 

Following appropriate management of the patellar 




Figure 30.4. Traumatic inferior pole patellar fracture asso- 
ciated with disruption of the extensor mechanism. The patel- 
lar component appears well fixed. Union of the small inferior 
fragment in this setting is unlikely. Therefore, recommended 
treatment would involve partial patellectomy with repair or 
reconstruction on the patellar tendon. 
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fracture and repair of the extensor mechanism, careful 
examination of patellar tracking and component align- 
ment and rotation are mandatory. If the patella, patel- 
lar remnant, or quadriceps tendon does not track cen- 
trally in the trochlea, there will be a tendency toward 
lateral subluxation or dislocation postoperatively, and re- 
fracture or unsatisfactory clinical outcomes may result 
(Fig. 30.5). Lateral retinacular release with or without 
medial imbrication may be sufficient. However, in 
cases of significant tibial and/or femoral component 
malposition or malalignment, revision of the malaligned 
or malrotated component or components may be nec- 
essary. Figgie et aF^ noted that the poorest outcomes 
following postarthroplasty patellar fractures were noted 
in patients with tibiofemoral malalignment. Fracture dis- 
locations of the patella are the fractures most likely to 
demonstrate significant component malalignment or 
malrotation. 

CONCLUSION 

No classification system is satisfactory for outlining treat- 
ment for postarthroplasty patellar fractures. Surgical in- 
tervention has been associated with less than optimal 
outcomes in the literature, and nonoperative manage- 
ment is recommended for most of these fractures. When 
surgical intervention is employed, the goals are to ob- 
tain stable fixation, preserve viable patellar bone stock, 
maintain patellar vascularity, repair the extensor mech- 
anism, and rehabilitate the knee in a nonaggressive fash- 




Figure 30.5. Example of a patella fracture with dislocation. 
Repair or reconstruction of the patella and/or extensor mech- 
anism, or patellectomy would be unsuccessful without ad- 
dressing the etiology of the instability. If the components are 
malrotated and soft tissue procedures are inadequate in 
restoring acceptable patellar or quadriceps tracking, revision 
total knee arthroplasty may be required in addition to treat- 
ment of the injury to the patella and extensor mechanism. 



ion. In cases where there is patellar dislocation with 
femoral and/or tibial component malalignment or mal- 
rotation, revision total knee arthroplasty may be neces- 
sary to obtain a satisfactory result. 

The key to success of a total knee replacement is to 
preserve the full function of the extensor mechanism. 
A beautiful clinical result may be substantially compro- 
mised if insufficient attention is paid to patellar tracking 
and the factors that influence it. Proper selection of a 
total knee replacement design that clinically demon- 
strates good patellar tracking and mechanics is impor- 
tant. The surgeon must be mindful of the factors that 
contribute to proper patellofemoral mechanics. Patellar 
fracture will substantially impact the surgical outcome of 
an otherwise successful surgical exercise. 

For the young, active patient or the morbidly obese 
individual, consideration might be given toward initially 
not resurfacing the patella, in an effort to prevent patel- 
lar fracture with a prosthesis in place. The patient must 
have an intact cartilage surface with osteoarthritis rather 
than rheumatoid arthritis. If the patient is informed that 
there may need to be a second procedure in the future 
to convert the patellar configuration to a resurfaced con- 
struct, sufficient time may be bought before severe patel- 
lar complications develop. 
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Chapter 31 



Soft Tissue Complications After 
Total Knee Arthroplasty 



Fred D. Cushner, Susan Craig Scott, and W. Norman Scott 



O f paramount importance to a successful total 
knee arthroplasty (TKA) is successful wound 
healing. Unfortunately, this is not always pos- 
sible, and thus the goals of rapid rehabilitation and pa- 
tient mobilization are not always achieved. Wound fail- 
ure can lead to prosthesis infection, numerous surgical 
procedures, as well as an extended hospitalization. The 
patient’s and surgeon’s expectations are not met and 
frustration can occur for all parties involved. 

This chapter focuses on wound healing problems, and 
discusses the anatomy, prevention, early recognition, 
and treatment options. 

VASCULAR ANATOMY 

Numerous studies have been undertaken to evaluate the 
blood supply to the tissue anterior to the knee.^"^ The 
blood supply of this soft tissue is completely random, 
with perforating arteries from numerous vessels. Be- 
cause there are no underlying muscle layers or inter- 
muscular septa, a pathway for direct arterial perforators 
is not present. Therefore, the blood flow to the ante- 
rior knee is from the parapatellar anastomotic arterial 
ring in the form of terminal branches of arteries, in 
which all but one originates from the superficial femoral 
system. 

Six main arteries make up the extraosseous parap- 
atellar anastomotic ring (Fig. 31.1). The medial and lat- 
eral superior genicular vessels, medial and lateral infe- 
rior genicular vessels, supreme genicular and anterior 
tibial recurrent artery, as well as a branch of the pro- 
funda femoris are the major vessels in the anastomotic 
ring. Both the superior and inferior vessels arise from 
the popliteal artery and maintain the soft tissue in im- 



mediate proximity to the joint. It is through these ter- 
minal branches that any contribution to the local skin is 
provided. Interruption of these primary vessels and sub- 
sequent local ischemia may cause potential anastomotic 
communications and additional flow.^ 

In addition to these intrinsic vessels, three additional 
extrinsic vessels supplement the arterial soft tissue. The 
first are branches of the profunda femoris, which con- 
sists of branches that not only supply the rectis femoris, 
vastus intermedius, and vastus lateralis, but also send 
perforating branches to the overlying skin and through 
the dermal plexus, supplying the skin in the superior re- 
gion of the interior knee. 

The second extrinsic vessel is the supreme genicular 
vessel. This branch of the superficial femoral artery 
leaves this vessel in the adductor canal before branch- 
ing into the musculoarticular branch and the saphenous 
artery. It is the musculoarticular branch that runs medi- 
ally in the vastus medialis before meeting the superior 
medial genicular artery to supply the medial aspect of 
the joint and medial and superior aspect of the overly- 
ing skin. 

The saphenous artery travels inferiorly, passes infe- 
rior to the sartorius tendon, and ends in a terminal ves- 
sel that supplies the skin just below the medial tibial 
plateau. The third extrinsic vessel is a recurrent branch 
of the anterior tibial artery. This branch of the popliteal 
artery eventually joins branches of the lateral inferior 
genicular artery to supply the skin overlying and lateral 
to the patella ligament. 

Thus, it can be seen that a plentiful random blood 
supply exists, and in most situations a single incision in 
a healthy individual presents few problems in wound 
healing. Unfortunately, not all incisions for TKAs are 
primary and not all knees are free of previous incisions. 
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It is incisions in a compromised skin tissue envelope that 
can lead to TKA wound problems. 

PREVENTION OF WOUND PROBLEMS 

Total knee arthroplasties are performed on a variety of 
patients. Unfortunately, the wound healing potential of 
all TKA candidates is not identical. This section focuses 
on those preoperative factors that could lead to skin 
compromise at the time of the indicated TKA. 

Patient Factors 

A thorough medical history as well as physical exami- 
nation is required prior to a TKA. Although often the 
emphasis is on a patient’s pulmonary and cardiac sta- 
tus, emphasis must also be placed on the patient’s po- 
tential wound healing of the TKA incision. Calcified 
popliteal vessels and signs of arterial sclerosis or venous 
insufficiency should be identified at this visit. If needed, 
vascular reconstruction should be undertaken prior to 
the performance of the indicated TKA. Factors that ad- 
versely affect wound healing can also be identified prior 
to surgery and avoidance of these factors, or attempts 
to correct these patient factors can be done prior to this 
planned surgery. 

For example, anemia has been identified in the past 
as a potential factor for defective wound healing. It is 
commonly thought that wound healing could be jeopar- 
dized with a hematocrit less than 35%.^ Theories on the 
mechanism of defective wound healing include a de- 
creased wound oxygen tension secondary to the anemia 



Figure 31.1. Knee arterial circulation. 
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as well as a nutritional component that leads to a defi- 
ciency anemia. Hypovolemia may also play a role. 
Heughan et al^ concluded that mild or moderate un- 
complicated anemia in an otherwise healthy individual 
does not impair oxygen delivery to the wound and, there- 
fore, did not require transfusion in these patients in the 
hope of stimulation of wound healing. This does not 
mean anemia should be ignored. Anemia, secondary to 
a deficiency such as iron, should be corrected with sup- 
plementation. Aside from anemia, proper hydration is 
essential, with several studies showing a decrease in 
wound problems when proper hydration is obtained. 
Because of the blood loss associated with the TKA pro- 
cedure as well as the immunosuppression effect of allo- 
geneic transfusions, erythropoietin supplementation may 
also be considered to help avoid infection that does lead 
to wound healing difficulties. 

As mentioned above, nutrition plays an important 
role in wound healing. Decreased oxygen levels (less 
than 3.5 g/dL) as well as a total lymphocyte count (less 
than 1,500) may make a patient more prone to wound 
failure. Patients with obesity may also be at risk for 
wound complications. Obesity may place the pa- 
tient at more risk not only from an exposure standpoint, 
in which more vigorous skin flap retraction is required, 
but also from soft tissue devascularization. Unfortu- 
nately, controlling obesity prior to TKA is often difficult 
and emphasis should be on obtaining improved skin han- 
dling at the time of the procedure. Large medial and 
lateral flaps must be avoided at all costs. 

One factor that can be controlled preoperatively is 
cigarette smoking, which does have a direct inhibitory 
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affect on the microcirculation of the dermis. Nicotinic 
acid as well as its breakdown product, cotinine, are po- 
tent vasoconstrictors, and it is this vasoconstrictor effect 
that impairs wound healing. ^ Cotinine is stored in body 
fat and is still released for weeks after cessation of smok- 
ing. Therefore, cigarette smoking should cease at least 
3 weeks, not days, prior to surgery. 

Systemic conditions are very difficult to control and 
must also be considered. While it is often difficult to sep- 
arate the effect of diabetes from other concurrent fac- 
tors such as age and obesity, diabetes may also play a 
role in wound healing. While epithelialization is not im- 
paired, collagen synthesis and gain in wound tensile 
strength are impaired in the diabetic patient. Early 
capillary ingrowth into the healing wound may also 
be reduced. Patients with rheumatoid arthritis are 
thought to be at more risk for wound problems, but this 
effect may be related to anemia and nutritional factors 
as well as a history of steroid use. It is the authors’ ex- 
perience that rheumatoid patients have thin atrophic 
skin, and caution must be utilized to protect the skin 
throughout the procedure, including the application and 
removal of adherent surgical drapes. 

One last patient factor to consider is the use of cor- 
ticosteroids. This drug class interferes at several points 
in the healing cycling. For example, a decrease 
of fibroblast proliferation^^ as well as a reduction in col- 
lagen age clearance from the healing wound has been 
noted. The relationship between steroid usage and 
wound healing has not been universally noted, with both 
Wilson et aP^ and Garner et aP^ finding no correlation 
between the dose of steroid or the duration of its use 
and the time for complete wound healing. Garner et al 
did note that with long-term steroid usage (over 3 years), 
there was a higher rate of wound infections as well as 
a longer time to heal.^^ Ideally, one would like to elim- 
inate corticosteroids prior to total knee arthroplasty, but 
unfortunately the diseased state often does not allow 
steroid elimination. The surgeon should realize the in- 
creased risk of wound problems with long-term steroid 
use and take necessary precautions as outlined below. 

Local Factors 

One of the most difficult problems that faces the knee 
surgeon is the knee with multiple previously placed in- 
cisions. It is not unusual to encounter previously placed 
incisions from high tibial osteotomy, open medial or lat- 
eral meniscectomies, and fracture treatment. Numerous 
studies have shown that the multiple-incision knee has 
an increased risk of wound healing difficulties. 24 
Even a brief review of the vascular anatomy shows how 
previously placed incisions injure the anastomotic net- 
work that supplies the anterior aspect of the knee.^’^^ 



Problems can arise not only from an avascular skin 
bridge between the new and old incisions, but also from 
decreased subcutaneous tissue and associated adherent 
skin. 

TISSUE EXPANDERS 

As can be seen, not all patient factors can be corrected 
prior to surgery and not even the best of surgeons can 
erase the effect of previously placed incisions. In these 
cases at our institution, we have relied on a soft tissue 
expansion prior to the indicated TKA. It is now stan- 
dard at our institution to utilize tissue expanders when 
it is felt that the quality and viability of soft tissues could 
be compromised. This may occur to previous poorly 
placed skin incisions or may be secondary to trauma 
that caused an increased adherence of the skin to the 
tibial plateau below. Although criteria for using tissue 
expanders may be subjective, any patient with adherent 
immobile skin or numerous previously placed skin inci- 
sions is considered a candidate for skin expansion. Se- 
vere angular deformities with a rotation component are 
also considered candidates for this procedure. Patients 
with increased angular deformities must also be consid- 
ered for expansion since correction of the angular de- 
formity may lead to insufficient skin for coverage. 

Gold et aF^ reported on the first 10 patients utiliz- 
ing this technique. In this study, the expanders were 
gradually expanded over an average of 64.5 days and 
all wounds healed without incident. To date, over 40 
knees have been prophylaxed with tissue expansion. 

TECHNIQUE OF TISSUE EXPANSION 

Expander insertion is performed under local anesthe- 
sia using a mixture of Xylocaine (0.05%) and 1 to 
1,000,000 epinephrine. A total of approximately 300 
mL is injected into the subcutaneous space until blanch- 
ing of the subcutaneous skin is created. A small incision 
is then made in line with the planned arthrotomy inci- 
sion. Typically, two 200-mL expanders are utilized and 
are oriented at 90 degrees to each other. Placement 
can be arranged to accommodate existing incisions. A 
subcutaneous pocket is then created for placement of 
the tissue-expanding balloon. Once it is placed, the pa- 
tient is admitted for 24 hours and then knee immobi- 
lized for 1 week. After 1 week, gradual expansion is be- 
gun. On average, 10% of the expanded value is done 
weekly. Capillary refill (less than 5 seconds) and patient 
comfort are monitored so that more volume can be in- 
jected if tolerated by the patient. At the time of revi- 
sion, we like to wait 2 weeks from the last expander in- 
jection. Expanders are easily removed at the time of 
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surgery and the skin is plentiful. Trimming of excess skin 
can be done at the time of closure if excess skin is pres- 
ent. Subcutaneous drains can also be utilized to decrease 
hematoma in this previously expanded pocket. 

Once the skin has been expanded, the surgeon must 
choose between using an old incision or creating a new 
one. When possible, the incision deemed most adequate 
is utilized. The tissue expanders enhance the vascular- 
ity of the flap, safely allowing the old incision to be uti- 
lized. When a prior incision is not adequate, a new lon- 
gitudinal incision is chosen. If redundant excess skin is 
present, the skin bridge between the prior incision and 
the new incision can be excised and the remaining edges 
reapproximated. 

This technique has been successful in primary TKAs, 
and there have been case reports of success in revision 
TKA^^ and infected TKA.^^ By allowing primary closure 
without tension, this technique allows for immediate 
postoperative range of motion and ability to perform 
standard rehabilitation protocols with the avoidance of 
difficult and delay-inducing reconstructive procedures. 

Others have found this technique successful in wound 
difficulties. Riederman and Noyes^^ describe the use of 
tissue expanders in five patients with severe end-stage 
patellofemoral arthrosis. Tissue expanders were utilized 
prior to a Maquet osteotomy because of previously placed 
incisions, and no wound complications were noted. 

While complications of skin expansion such as hema- 
toma, infection, prosthesis exposure, and prosthesis fail- 
ure do exist, by utilizing the above technique these com- 
plications have been avoided at our institution.^^ 

By allowing primary closure without tension, the use 
of tissue expanders allows for nearly immediate range 
of motion (ROM), with the ability to perform the stan- 
dard rehabilitation protocols and avoidance of the need 
for reconstructive procedures. 

SURGICAL TECHNIQUE 

Surgical technique may play a role in the prevention of 
wound problems. An adequate incision length should be 
chosen to avoid excessive skin tension. The skin edges 
should also be handled with care to avoid disruption of 
the perforating arteries emanating from the subcuta- 
neous fascial layer. Large flaps should be avoided at all 
costs. If necessary, flaps must be created as deeply as 
possible to preserve the blood supply from the dermal 
plexus. When possible, a lateral release should be 
avoided since numerous studies have shown that a lat- 
eral retinacular release decreases skin oxygen tension 
and increases the risk of wound complications. If a lat- 
eral release is required, preserving the superior genicu- 
lar vessel may be helpful in avoiding problems. 
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Wound closure should be atraumatic and the result- 
ing closure should be under no tension. Although em- 
phasis is on aggressive continuous passive motion (CPM) 
and early ROM, should there be any signs of skin com- 
promise or decreased skin circulation, therapy should 
be delayed. 



TECHNICAL FACTORS 

One of the most important aspects of preventing wound 
problems is a correctly placed skin incision. Johnson et 
aiso^si evaluated transcutaneous oxygen tension 

measurements for a variety of incisions and found the 
presence of a medial-side predominance for cutaneous 
circulation. Thus, they concluded that the lateral wound 
edge showed lower oxygen tension for all incisions ini- 
tially, but would return to preoperative levels by post- 
operative day 8. Therefore, a medial incision that cre- 
ates a large lateral base flap should be avoided. 

For a knee with no previous incisions, a midline in- 
cision should be chosen. This midline incision begins ap- 
proximately one hand breadth below the patella slightly 
medial to the center of the quadriceps tendon. The in- 
cision must be long enough to allow complete joint ex- 
posure. Standard surgical techniques such as avoidance 
of excessive retraction or skin flaps, atraumatic han- 
dling of the skin edges, and good hemostasis to avoid 
hematomas should be standard for all procedures. Ex- 
cessive retraction, with heavy instruments, crushing 
clamps, and heavy tooth forceps should also be avoided 
so as not to push marginal but viable skin to compro- 
mise. If there is any question about skin viability, re- 
traction should be removed periodically during the pro- 
cedure, even without deflating the tourniquet. The 
sustained crushing effect of retractors on skin accor- 
dioned on itself increases local edema and compromises 
local blood flow. 

Problems arise when previously placed incisions must 
be incorporated into the planned surgical incision. Inci- 
sions near the midline can be incorporated into the new 
knee incision and previous far medial and far lateral in- 
cisions can often be avoided in their entirety. Transverse 
incisions can be crossed, in most instances, at 90- 
degree angles without a threat of compromise. 
Caution should be utilized when encountering wide scars 
with minimal subcutaneous tissue, for this may be a sign 
of injury to the underlying dermal plexus. Suture uti- 
lization in closure may also play a role. A subcuticular 
polydioxane showed 20% more suture reaction when 
compared to subcutaneous polygolic acid. Therefore, 
the use of polydioxane should be avoided. 

Unfortunately, not all previous incisions can be 
avoided. When the skin bridge is less than 2.5 cm, the 
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knee may be more at risk for skin necrosis. It is for 
these types of situations that tissue expander use must 
be considered. 

Previously at our institution a sham (incision) was used 
to identify those patients with increased risk of a wound 
necrosis. A planned incision is made and performed 
to the depth of the subcutaneous tissue, flaps are ele- 
vated, and then the wound is closed in a standard fash- 
ion. If this incision heals without incident, a TKA can 
be performed with greater confidence. If the wound fails 
to heal, local measures are utilized to obtain healing 
without the added pressure of an exposed prosthesis. 

One last point to consider is the role of the patella 
lateral release and its effect on wound healing. It is felt 
that a lateral retinacular release with a standard medial 
parapatellar approach will transect the superior and in- 
ferior genicular vessels on the medial as well as the lat- 
eral side, thus compromising the prepatellar skin. John- 
son et aP^ noticed a decrease in the skin oxygen tension 
as well as an increase in the superficial drainage and in- 
fection rates when a lateral release was performed and 
the lateral vessels were sacrificed. Thus, it is best to 
avoid a lateral release as discussed in other areas of this 
text. By obtaining proper component rotation as well 
as maintaining proper patella prosthesis height, the in- 
cidence of lateral release can be markedly reduced. If a 
lateral release is necessary, it is recommended that the 
lateral superior genicular vessel be preserved if possible. 
The lateral release should also be performed utilizing an 
all-inside technique so that a large lateral flap can be 
avoided. 



POSTOPERATIVE FACTORS 

Prevention of wound problems must include a discus- 
sion of the postoperative modalities utilized in the role, 
if any, in wound compromise. CPM has been advocated 
as a method to increase knee ROM following TKA and 
its usage is common at many institutions. Johnson^^ 
found a decrease in skin oxygen tension when the CPM 
past 40 degrees was utilized during the first 3 postop- 
erative days. This is in contrast to Yashar,^^ who found 
clinically no increased wound problems when an accel- 
eration of flexion from 70 to 100 degrees was utilized 
immediately in the recovery room. Although immediate 
CPM is utilized commonly without difficulty, patients 
with compromised skin circulation who are at increased 
risk of wound infection perhaps should go at a slower 
pace than those who are not at risk. 

Avoidance of hemarthrosis formation is thought to 
be important in decreasing wound healing problems. It 
is felt that a large hematoma not only serves as a cul- 
ture medium for infection, but also may compromise the 



skin viability. To accomplish hemostasis a tourniquet de- 
flation is often performed prior to closure to visualize 
and cauterize perforating arteries that may lead to 
hemarthrosis formation. Not all authors find tourniquet 
deflation necessary, however, with some showing in- 
creased bleeding when intraoperative tourniquet defla- 
tion was performed. Abdel-Salem and Eyres, in a 
prospective randomized study, found that when no 
tourniquet was utilized, blood loss was still increased over 
that of the control group, but less postoperative pain 
and fewer superficial infections were encountered. 

Another area of debate rests with the usage of post- 
operative drains. Holt et al^^ examined blood loss and 
wound problems in drained and nondrained groups. 
Forty percent of the undrained knees and none of the 
drained knees required dressing reinforcement; the 
undrained knees also had a higher incidence of ecchy- 
mosis. These authors concluded that drains are effec- 
tive in preventing the accumulation of blood in the sur- 
rounding soft tissues. Not all authors agree with these 
conclusions. Crevoisier et al"^^ examined 32 patients in 
drained and undrained groups. They concluded that 
there is no advantage to closed suction drainage usage. 
This was a small study, probably of insufficient size to 
draw a definitive conclusion on risk of wound infection 
since it occurs in less than 1% of cases. Ovadin et al"^^ 
looked at 58 knees, and while there was little difference 
in the rate of infection, more serous drainage was noted 
in the undrained group. Therefore, at our institution we 
utilize postoperative drains not only for hemarthrosis 
avoidance, but also for the reinfusion benefits. With the 
use of reinfusion drains, the allogeneic transfusion rate 
has been reduced to approximately 2% for a unicom- 
partmental knee. Drains are removed on postoperative 
day 1 . Drinkwater and Neil^^ have shown a decrease in 
bacterial colonization when drains are removed during 
this 24-hour period. 

There has been some concern over bleeding compli- 
cations associated with postoperative deep vein throm- 
bosis (DVT) prophylaxis. It should be noted that 
bleeding complications have been noted with not only 
placebo, but also low molecular heparin and Coumadin 
usage. Stulberg et al^^ evaluated 638 TKAs and noticed 
a wound complication rate of 18.1%, with 10.6% hav- 
ing culture-negative drainage. Increased bleeding has also 
been noted with low molecular weight heparin, with 
bleeding complications of 2% to 5% noted in the litera- 
ture. Bleeding problems are mutifactorial and perhaps 
some wound complications can be avoided with careful 
hemostasis, meticulous closure, as well as proper dosing 
of prescribed prophylaxis agents. 

As can be seen, wound complications can be pre- 
vented or decreased by understanding of the vascular 
anatomy and how it relates to the patient’s wound char- 
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acteristics as well as techniques used as mentioned 
above. 

TREATMENT 

If prevention fails, the surgeon is left with treating the 
wound complication that occurred while attempting 
preservation of the prosthesis and acceptable range of 
motion. Treatment, therefore, is dependent on the type 
of wound complication that occurs, such as prolonged 
serous drainage, tense hematoma, superficial soft tissue 
necrosis, and full-thickness necrosis. These complica- 
tions can occur both with and without the presence of 
an infection. As discussed in previous chapters, deep 
prosthetic infections must be ruled out, and if not pre- 
sent, prevented from developing through local wound 
care and judicious, but correct, antibiotic usage. 

Prolonged Serous Drainage 

Prolonged serous drainage often occurs following TKA. 
The question remains of when to explore the wound. If 
excessive erythema or purulence is not noted, these 
wounds can be initially observed. This drainage may 
be secondary to a large hematoma or subcutaneous 
hematoma. If drainage is not resolved by 5 to 7 days, 
surgical evaluation may become necessary. The he- 
matoma may adversely affect the wound, as will any in- 
creasing soft tissue tension as well as releasing the toxic 
breakdown products of hemoglobin. The surgeon should 
consider the continuation of CPM modalities as well as 
limit physical therapy while this wound is being ob- 
served. It should be noted that not all prolonged drainage 
is noninfected. The incidence of infection develops in 
the chronically serous drainage knee and it ranges from 
17% to 50%.^^“^^ Not all authors agree with initial ob- 
servation of these serous drainage wounds. Weiss and 
Krackow^^ reported on early intervention of eight drain- 
ing TKAs and concluded that early intervention may pre- 
vent a deep tissue prosthetic infection. 

Tissue Hematoma 

While a tense hematoma that is not draining can occur, 
initially observation is appropriate. With any signs of lo- 
cal skin compromise, increased pain, or limited range 
of motion, a surgical exploration can be performed. 
Once again, CPM and physical therapy may be limited 
during this observation period. 

Superficial Soft Tissue Necrosis 

Superficial infections are those wound problems that do 
not penetrate to the level of the prosthesis and bone. 
This category would include the benign stitch abscess 
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that improves with only a suture debridement and dress- 
ing change as well as superficial soft tissue infections 
secondary to cellulitis. A superficial infection should be 
treated aggressively with cultures obtained prior to the 
initiation of antibiotics for the presumed organism. CPM 
and physical therapy should be discontinued and surgi- 
cal exploration may be needed to rule out deep pene- 
tration. 

Despite aggressive treatments, superficial infection 
may lead to skin necrosis. Initially necrosis less than 3 
cm can be treated with local wound debridement under 
anesthesia and immobilization.^^ All dead tissue must 
be removed even if this results in the prosthesis expo- 
sure. If under surgical exploration the infection is noted 
to be superficial, then local coverage techniques may be 
adequate, but if the prosthesis becomes exposed, then 
the treatment is like that of a major skin necrosis (see 
below). 

Treatment of the superficial necrosis begins with lo- 
cal wound care. This would include not only antibiotic 
prophylaxis, but also local debridement and observation. 
During this period where the skin viability is question- 
able, a wound can declare itself. In the absence of in- 
fection, tissue debridement can wait until the eschar 
separates. During this period, the wound may be con- 
tracting, which aids the surgeon by decreasing coverage 
needs. Small wounds can be allowed to heal by sec- 
ondary intention. Benefits of healing by secondary in- 
tention is avoidance of a surgical procedure as well as 
the ability to continue with the range of motion, both 
active and passive, for the TKA. 

Skin graft is indicated when the time for untreated 
healing would be longer than the postoperative 5 to 7 
days of healing for a routine skin graft. Skin graft via- 
bility requires the penetration of vascular buds from the 
underlying wound bed, and proper immobilization is 
needed for this to occur. For the skin grafts to be vi- 
able, the infection must also be controlled with de- 
creased bacterial counts noted. 

A third option for treatment of superficial necrosis 
would be the use of a local fasciocutaneous flap. Hal- 
lock^^ described six patients with successful soft tissue 
coverage utilizing this technique. This author states that 
the fasciocutaneous flap should not be utilized when 
gross infection or the prosthesis is exposed. 

Full-Thickness Soft Tissue Necrosis 

The most serious of the wound problems encountered 
with TKA is full-thickness necrosis. This involves deep 
penetration of the soft tissue with exposure of the joint 
prosthesis. Coverage options are complex and would in- 
clude either advancement of the local tissue or transfer 
of distant tissue in the form of a free flap. 
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Due to the complex nature of this problem, often 
prosthesis removal is required. An early plastic surgery 
consultation is also required to handle these difficult skin 
management issues. While options include local random 
or fasciocutaneous flaps, in practice it is a rotational gas- 
trocnemius flap or free flap that are currently utilized to 
obtain closure. Simple closure over an exposed pros- 
thesis is doomed to failure. 

Salvage with the gastrocnemius flap is well described 
in the literature. Usually, it is the medial head of 
the gastrocnemius muscle because of its wide arc of mo- 
tion once it is detached distally from its insertion into 
the Achilles tendon. The lateral gastrocnemius can be 
utilized for lateral coverage while the medial gastrocne- 
mius is used for defects around the patella and tibial 
tubercle. These flaps can be utilized for necrosis in ap- 
proximately two-thirds of the tibia while the distal one- 
third tibia lesions would require free flap coverage. 

For those knees in which gastrocnemius flaps are not 
adequate, such as large defects with an exposed pros- 
thesis, coverage can be accomplished with a free tissue 
transfer of the latissimus dorsi muscle, rectus abdominis 
muscle, or a scapular free flap. All these methods have 
been described and have been found reliable for this 
purpose.^ Gerwin et al^^ treated 12 patients with an 
exposed prosthesis with a medial gastrocnemius flap and 
achieved 92% healing. Markovich et al^^ described their 
experience with muscle flap coverage. The results of five 
latissimus dorsi free flaps, six medial gastrocnemius flaps 
and two rectus abdominis free flaps was 100% wound 
revascularization and prosthesis retention of 83%. The 
worst results, as expected, were for flaps utilized to treat 
an infected prosthesis. 

CONCLUSION 

Wound problems are not always avoidable in TKA de- 
spite meticulous surgical technique and closure and post- 
operative care. Some wound difficulties and necrosis will 
occur. The key is to identify those patients at risk, iden- 
tify preoperative factors if possible, and aggressively 
treat wound problems if they do occur. Despite occur- 
rence of significant wound problems, prosthesis reten- 
tion with acceptable functioning can still be maintained. 
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Osteochondral Lesions of the Knee 

Jurgen Toft 



O f all the complications that can occur in con- 
nection with joint surgery, damage to the ar- 
ticular cartilage surfaces ranks among the most 
debilitating and the most complicated to heal. As artic- 
ular cartilage defects have a tendency to impair joint 
function, every attempt has to be made to restore the 
integrity of articular cartilage surfaces. Sometimes, fol- 
lowing joint injury, there is a potential for self-healing, 
traces of which we often see in arthroscopic examina- 
tions. Most of the time, however, the healing potential 
is insufficient and a process of continuing degradation 
of the articular cartilage surface is instituted. The “rub- 
off” from the articular surfaces causes subclinical or clin- 
ical inflammation of the joint, which in turn impairs joint 
lubrication, thus preventing self-limitation of the process. 
At this point, the patient’s main complaint is not pain 
but reduced function, especially in sports activities. 

In the early stages of articular cartilage degradation 
the condition is often misdiagnosed as an early stage of 
osteoarthritis and treated with antiinflammatory med- 
ication and physiotherapy. Not infrequently, the joint 
damage is enhanced by such a regimen, because pain 
and swelling are suppressed by the use of drugs, and 
physiotherapy delivers loads to the joint surfaces that 
they can no longer tolerate. If there is any clinical sus- 
picion of substantial articular cartilage damage, the next 
logical step would be to evaluate the quality of the joint’s 
surfaces arthroscopically and, on the basis of these find- 
ings, formulate a treatment strategy. The “wait-and-see” 
attitude, often dictated by the fear of litigation, is not a 
good guideline in dealing with articular cartilage defects. 

The armamentarium of surgical techniques utilized in 
dealing with chondral lesions comprises shaving chon- 
droplasty, subchondral bone drilling or microfracturing, 
abrasion arthroplasty, osteochondral grafting, and car- 



tilage cell transplantation. Some of these procedures are 
well accepted by the orthopedic community, whereas 
others have a reputation of being either unpredictable 
or experimental.^ The same applies to postoperative 
protocols, where opinion also varies widely as to the du- 
ration of non-weight-bearing periods and the onset and 
type of physiotherapy. 

In this chapter I report my experience in dealing with 
articular cartilage lesions, which is based on a total of 
18,000 knee surgeries. Some of my presentation con- 
tradicts the mainstream of orthopedic thought, and what 
is worse for some believers in the orthopedic orthodoxy 
is that I fail to cite supporting scientific evidence. Some- 
times, when the truth comes along in a different robe, 
it can hardly be recognized, and some have difficulty ac- 
cepting it if it is not presented with pie-charts and chi- 
square tests. Nonetheless, I still hope that there will be 
some benefit from my contribution to both patients and 
colleagues alike. 



IATROGENIC DAMAGE TO 
ARTICULAR CARTILAGE 

Damage to the articular surfaces caused by the use of 
mechanical instruments does occur, but the frequency 
and severity of such damage depends on the surgeon’s 
experience and dexterity. Superficial damage such as 
scuffing or little cuts in the articular cartilage surface 
have been shown to stay stationary and not result in 
matrix degradation or even osteoarthritis.^ More severe 
damage to articular cartilage and even underlying bone 
has been reported from the use of surgical lasers.^ To 
date there is no firm evidence of a beneficial effect of 
the laser on articular cartilage, but there is clear evi- 
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dence of detrimental effects when energy output, an- 
gulation, and distance to the surface are not carefully 
controlled.^ 

POSTOPERATIVE DAMAGE TO 
ARTICULAR CARTILAGE 

Some of the more severe complications involving ar- 
ticular cartilage stem from infection and arthrofibrosis. 
The damage from infection is mainly toxic and chon- 
drolytic, whereas arthrofibrosis damages articular carti- 
lage through nutrition barriers formed by fibrous tissue 
membranes that cover articular cartilage surfaces. As 
far as preventing infections is concerned, the one-shot 
perioperative administration of a wide-range antibiotic 
is considered a valid prophylactic measure. 

Epidemiologic or cost considerations should not stand 
in the way of prioritizing the safety of an individual 
patient. If infection does occur, arguments of cost- 
effectiveness and epidemiology will be overthrown any- 
way. So why take the risk? 

To prevent arthrofibrosis certainly is not always pos- 
sible but its occurrence can be minimized by good tim- 
ing and preparation for surgery. In anterior cruciate lig- 
ament (ACL) surgery, for instance, the incidence of 
arthrofibrosis has been shown to be increased in acute 
surgery.^ Although there is evidence also to the con- 
trary, the majority of surgeons feel that delayed surgery 
is preferable. Links have also been postulated with sym- 
pathetic reflex dystrophy, which makes prevention of 
arthrofibrosis even trickier. Especially in the light of con- 
comitant cartilage lesions, it seems highly advisable to 
delay surgery and prepare the patient properly, because 
in those cases aggressive postoperative rehabilitation 
would be incompatible with the goal of articular carti- 
lage repair. 

LATE COMPLICATIONS INVOLVING 
ARTICULAR CARTILAGE 

Articular cartilage damage due to biomechanical aber- 
rations such as occur with unattended ACL tears, fol- 
lowing total meniscectomy, and following unattended 
patellar dislocation, as well as fractures healed in mal- 
alignment, are well documented in the literature. These 
complications occur late in the process, often decades 
after the initial injury, and they often result in severe de- 
grees of osteoarthritis. 

The principles of prevention are obvious, and with 
due attention to all existing pathologies and with pre- 
sent-day techniques of correcting them, in the future we 
will see fewer and fewer of those disabling, severe os- 
teoarthrites. 



PITFALLS IN DIAGNOSING COMPLICATIONS 
INVOLVING ARTICULAR CARTILAGE 

In our era of high-tech medicine the patient’s history is 
sometimes grossly undervalued. Most of the time, a sus- 
picion of articular cartilage damage can be formulated 
from what the patient reports. As mentioned earlier, 
pain is not the leading symptom in articular cartilage le- 
sions. In the early stages it is a feeling of early joint fa- 
tigue, a feeling of congestion in the joint following ex- 
ercise and slight feelings of stiffness after longer periods 
of rest. Visible and palpable swelling can also be pre- 
sent in the early stages of cartilage degradation, but de- 
pending on the absorption capacity of the synovium, 
the symptom can also be absent in spite of severe ar- 
ticular cartilage damage. Some patients may reduce their 
articular cartilage down to bone without ever experi- 
encing any pain. Sometimes, when confronted with 
magnetic resonance imaging (MRI) evidence of complete 
articular cartilage loss in a knee compartment, the pa- 
tient finds it hard to believe that his or her knee should 
be in such a poor state of health. With pain not being 
a major factor in cartilage lesions and clinical exami- 
nation being very uncertain in this area, MRI and ar- 
throscopy have become all the more valuable. 

While the accuracy of the MRI for detecting partial- 
thickness cartilage lesions is limited, it has a place in de- 
tecting subchondral bony changes such as osteonecro- 
sis and for the selection of candidates for abrasion 
arthroplasty. The pitfall here is to renounce the use 
of the MRI for reasons of cost-effectiveness and “pie- 
sharing” problems with the radiologists. In my view, MRI 
does have a place in the diagnosis and treatment plan- 
ning of chondral and osteochondral lesions, and pro- 
vides some of the pertinent answers not even arthros- 
copy can give. However, the arthroscope remains the 
most important tool in diagnosing articular cartilage 
damage. Here, the pitfall is not so much in underdiag- 
nosing or not diagnosing articular cartilage lesions, but 
in the disbelief that something sensible can be done 
about it. The conclusions that will be drawn from an ar- 
throscopic examination will largely depend on the sur- 
geon’s concepts of healing and repairing such defects. 
In this context, looking is not equivalent to seeing. 

SALVAGE PROCEDURES FOR 
ARTICULAR CARTILAGE DEFECTS 

Principles of Cartilage Healing 

It is widely recognized that articular cartilage cannot sub- 
stitute volume losses with its original tissue, i.e., hyaline 
cartilage.^ This observation has led to the wrong con- 
clusion that articular cartilage cannot heal at all. Al- 
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though it is admitted that fibrocartilaginous healing can 
occur following perforation of subchondral bone, ap- 
positional mechanisms of cartilage healing are generally 
rejected.^ In my experience, such appositional fibrocar- 
tilaginous healing of chondral defects does occur in 
much the same way as fibrocartilage is formed on the 
edges of meniscal tissue cuts. I came across this princi- 
ple of healing quite accidentally when, years ago, a vis- 
iting surgeon was asking me about a filled defect on a 
medial femoral condyle in a case where a cruciate liga- 
ment replacement was performed 6 months following 
a joint debridement. I maintained that this was the re- 
sult of previous abrasion arthroplasty and only after the 
surgeon insisted on seeing the original surgical video- 
tape it became apparent that the reparative tissue had 
formed following a shaving chondroplasty, with no mea- 
sures on the subchondral bone at all. 

This observation came like a revelation to me, and 
over the years the surgical and rehabilitational princi- 
ples of achieving such a result at all times have been 
developed. This tissue, once formed, stays in place over 
long periods of time and acts like a seal to prevent the 
damaged articular cartilage from further degrading. They 
also help normalize the joint’s metabolism and lubrica- 
tion. But even in the case of complete loss of articular 
cartilage in cases of advanced osteoarthritis, it is possi- 
ble to re-create thick and mechanically resistant weight- 
bearing surfaces that also last over long periods of time 
and that, in analogy to total knee replacement, may be 
termed as “bioprostheses.”^ 



ARTICULAR CARTILAGE REPAIR 
THROUGH SHAVING CHONDROPLASTY 

As elaborated in the previous section, appositional 
reparative growth of fibrocartilage on articular cartilage 
defects can be stimulated by shaving chondroplasty (Fig. 
32.1). The secret here is to shorten the cartilage stumps 
in such a way that they are left neither too long nor too 
short. One pitfall in dealing with shaving chondroplasty 
is doing the shaving too superficially. In such a case, 
even if everything else is done correctly, the blood clot 
from which the fibrocartilaginous plug is formed cannot 
attach itself firmly enough. 

The same applies to the misconcept of articular car- 
tilage smoothing where it might be felt that the smoother 
the cartilage following shaving, the better. Here, too, 
the blood clot doesn’t have any chance of attaching it- 
self to the treated surface, so that repair will not occur. 

Other misconceptions preventing repair from occur- 
ring involve the postoperative management. Two ma- 
jor killers of cartilage repair are early rehabilitation and 
insufficient length of non-weight bearing. In my expe- 




Figure 32.1. The concept of appositional articular cartilage 
repair. Cartilage trimming utilizing a shaver to prepare sur- 
face for blood clot attachment. Unimpeded conversion of 
blood clot into fibrocartilage is ensured by proper rehabilita- 
tional protocol. 

rience, physical therapy should not be instituted before 
the ninth postoperative week. In the meantime, only 
continuous passive motion should be allowed.^ A pe- 
riod of 8 weeks of non-weight bearing and of another 
4 weeks of partial weight bearing should be observed. 

In my experience it has been shown to be a fallacy 
that there is a difference in the postoperative protocol 
between shaving chondroplasty and abrasion arthro- 
plasty. The times of non-weight bearing and other sup- 
portive measures do not differ at all between these two 
treatment entities. The pitfall here is to give in to what 
I might term as market pressures, meaning that such 
long non-weight-bearing periods may be a product dif- 
ficult to sell to the patient. If healing is the prime goal 
for the patient, the surgeon should never avoid telling 
the patient the whole truth, even if the patient might be 
tempted to find another surgeon who will not require 
such hardships from him. 

Another pitfall in connection with healing articular 
cartilage defects is the “don’t-touch” ideology that one 
finds among a section of the orthopedic community. 
Not trusting the possibility of a sensible outcome from 
what they do with articular cartilage defects, these sur- 
geons believe that by not touching the lesion they are 
at least not making it worse. In the short term, this may 
be true. Looked at from a long-term perspective, how- 
ever, they are doing a disservice to the patient. Most of 
these lesions are not self-limiting, and over time the pa- 
tient will go from bad to worse and the treatment op- 
tions will become fewer and fewer, sometimes ending 
up in total knee replacement that would not have been 
necessary had the right measures been taken in due 
time. Another pitfall is thinking that such measures, even 
if you do believe in them, are of no use in older pa- 
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tients anymore. In my own experience, this is not true 
either. These principles apply irrespective of the pa- 
tient’s age, and I have arthroscopic evidence of such re- 
pair even on patients in their nineties. 

CARTILAGE REPLACEMENT 

Although the fibrocartilaginous layer that forms on bare 
bone following abrasion arthroplasty cannot be looked 
at as a true replacement, in many ways it serves as a 
replacement tissue (Fig. 32.2). I pay homage to the in- 
ventor of the technique. Dr. Lanny L. Johnson,^ of East 
Lansing, Michigan. After learning the principles of abra- 
sion arthroplasty from Dr. Johnson almost 20 years ago, 
I have become one of his staunchest disciples in con- 
tinuing and further developing this remarkable technique 
of biologic resurfacing. Unfortunately, the technique has 
not met with the favorable response that it deserves, a 
fact that is due to a number of reasons. First, Dr. John- 
son was very cautious and critical of his own work and 
set limitations on the technique that made it appear to 
be of limited clinical value. Second, he was heavily crit- 
icized for not providing sufficient scientific data to sup- 
port his work. Other authors failed to repeat his excel- 
lent results and the conclusion was drawn that the 
technique is unpredictable and cannot be universally rec- 
ommended. With so much criticism, it is small wonder 
that the majority of orthopedic surgeons felt on inse- 
cure ground when utilizing and confessing to abrasion 
arthroplasty. 

My experience with abrasion arthroplasty is based on 
about 4,000 cases between 1980 and 1998. I share 
the fate of Dr. Johnson in not supplying unequivocal 
scientific data proving the validity of the concept and I 




Figure 32.2. The concept of abrasion arthroplasty. Bare bone 
as well as adjacent irreparable third-grade cartilage lesions are 
included in the abrasion area to produce a uniform “salt-and- 
pepper” aspect of the surface. Additional microfractures or 
Pridie drillings may be required. If performed properly, in- 
cluding proper rehabilitation, the result will be a complete re- 
fill with reparative tissue. 




Figure 32.3. Preoperative magnetic resonance imaging 
(MRl) showing complete loss of articular cartilage in the me- 
dial compartment with substantial bony eburnation. As an al- 
ternative to partial or total knee joint replacement a decision 
is made in favor of abrasion arthroplasty. 

am facing the same criticism in the orthopedic com- 
munity as he did. The fact that I have not given up the 
technique in 18 years may suffice for those who are 
open to listen and want to try it themselves. I have suc- 
cessfully utilized abrasion arthroplasty in cases of severe 
osteoarthritis with complete loss of articular cartilage in- 
volving the totality of the medial and/or lateral femoral 
condyles and tibial plateaus (Figs. 32.3 and 32.4). I 
stopped respecting factors such as size of the lesion or 
age of the patient. I found that no matter how big the 
lesion is, fibrocartilaginous healing will always take 
place, provided proper surgical technique and postop- 
erative management were ensured. In cases of axial de- 




Figure 32.4. MRI of the same patient as in Fig. 32.3 8 
months postoperatively, demonstrating thick and mature lay- 
ers of reparative tissue sitting firmly on femoral and tibial 
bone. Radiographically this translates into the reappearance 
of a joint line. 
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formity, corrective osteotomy was performed, either at 
the time of abrasion arthroplasty or 6 weeks later if the 
time budgeted for simultaneous corrective osteotomy 
was considered insufficient. 

In some patients with only slight angular deformities, 
the osteotomy was performed between 6 and 12 months 
postoperatively. In many patients, to whom osteotomy 
was suggested, it has never been performed and some 
of these patients are still doing well even 10 years af- 
ter abrasion arthroplasty. Some of those patients have 
retained their fibrocartilage, and some have not. Even 
many of those who have not retained the reparative tis- 
sue are doing well, the reason for which is unclear. 

What are the pitfalls with abrasion arthroplasty? The 
first pitfall is not believing in the concept and not using 
it. I daresay that a large number of patients could be 
saved from total or partial knee replacement and could 
be given at least 10 years of good joint function with- 
out any artificial device by utilizing the concept of abra- 
sion arthroplasty. If combined with osteotomy, this pe- 
riod can be prolonged substantially. In addition, with a 
repaired osteoarthritic knee the patient can return to 
sports activities that he could never dream of with a to- 
tal knee replacement. So we are not only talking about 
giving more years to that knee but also about giving 
more quality to the patient’s life. 

The next pitfall involves doing abrasion arthroplasty 
halfheartedly, thinking that by doing it very superficially 
one is doing less harm and one is better off if it does 
not work. The principle that applies here is. Nothing 
ventured, nothing gained. The key is to stay well inside 
cortical bone but still expose the bone’s vascularity 
evenly and over the whole surface (Figs. 32.5 and 32.6). 

In addition, one should not hesitate to remove thin 
layers of severely damaged and loose articular cartilage 




Figure 32.5. Arthroscopic view of a circumscribed lesion 
down to bone on the medial femoral condyle in a middle- 
aged male. Abrasion arthroplasty almost completed with ex- 
ception of one little surface to the upper left. 




Figure 32.6. Same patient as in Fig. 32.5 1 year later with 
defect completely filled, the filling substance being recogniz- 
able only by slight color changes and a seam between the ad- 
jacent hyaline cartilage and the repair tissue. The patient is 
completely symptom free. 

that does not have any potential for fibrocartilaginous 
healing, because the underlying layer is unstable on the 
bone. Hesitating to increase the size of the lesion and 
of bony exposure is another pitfall that might doom the 
surgery to failure. The severely damaged articular carti- 
lage surfaces that one didn’t have the courage to re- 
move might be the cause of continuous inflammation 
that in turn creates a poor environment metabolically 
and thus inhibits fibrocartilaginous reparative growth on 
the bone. The goal should be not only to get rid of ac- 
tual irritants in the joint, but also to make sure that there 
will be no future “troublemakers” staying or developing 
in the joint. 

In connection with abrasion arthroplasty all intra- and 
extraarticular pathologies have to be addressed in order 
to respect this principle. In the histories that I take from 
my patients, but also in the international literature, I of- 
ten experience a combination of overcautious surgery 
and overaggressive postoperative rehabilitation. For a 
successful cartilage repair and long-lasting results this 
has to be turned upside down; surgeons should be ag- 
gressive with the surgical measures and extremely cau- 
tious and soft with the rehabilitational program. 

Summarizing the benefits of abrasion arthroplasty, I 
would emphasize that it does work if performed prop- 
erly and if rehabilitation is in keeping with the princi- 
ples of healing. Biomechanical factors such as maldis- 
tribution of compressive forces and/or instability have 
to be addressed simultaneously (Figs. 32.7 and 32.8). 
And last but not least, by performing abrasion arthro- 
plasty with or without osteotomy and/or stabilization 
surgeons are not burning any bridges; in case of failure, 
they can always proceed to other salvage procedures 
such as total knee replacement. 
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Figure 32.7. Female patient with chronic subluxation of 
patella and complete loss in the patellofemoral joint following 
previous recurrent dislocations of the patella. In spite of the 
severity of the condition, a decision was made in favor of abra- 
sion arthroplasty, lateral release, and tibial tubercle transfer. 

CARTILAGE CELL TRANSPLANTATION 

Thanks to the work of Peterson and Brittberg, which 
was published in the New England Journal of Medi- 
cine in 1994, a new concept has been added to the ar- 
mamentarium of cartilage surgery. In a procedure that 
involves harvesting of the patient’s own cartilage mate- 
rial arthroscopically and then isolating the cartilage cells 
to multiply them to a point to be reintroduced into the 
patient’s knee (Fig. 32.9), it was possible to produce a 
reparative tissue that, hystologically, comes very close 
to genuine hyaline cartilage. The disadvantage is the ne- 
cessity for open knee joint surgery and its limitation to 
smaller size defects that are surrounded by a healthy rim 




Figure 32.8. Same patient as in Fig. 32.5 6 months postop- 
eratively demonstrating regrowth of reparative tissue both on 
the patellar back surface and on the trochlea, as well as the 
centrally sitting patella. 



Figure 32.9. Schematic representation of cartilage cell trans- 
plantation. The patient’s own multipled cartilage cells are used 
in an open surgery where the defect is cleaned and covered 
with a flap of periosteum that is sutured to the rim of adja- 
cent hyaline cartilage, thus forming a kind of “incubator” for 
the transplanted cells. 

of hyaline articular cartilage. The authors emphasize that 
the technique is not suitable for ostheoarthritis cases and 
for defects larger than 6 cm^. The method may have a 
potential, though, for young patients with traumatic 
damage to circumscribed areas of articular cartilage in 
the weight-bearing surfaces, particularly on the femoral 
condyles. 

The technique is less applicable in the patellofemoral 
joint, where, according to the authors, results are infe- 
rior, and also in the tibial plateau. For all its limitations, 
the know-how that is being accumulated in replicating 
cartilage cells and using them for reimplantation seems 
to be valid. The real quantum leap will probably come 
when this technique can be used arthroscopically. 
Whether the tissue generated by the technique will stand 
the test of time remains to be seen. Anecdotal reports 
of the physical state of such tissues probed arthroscop- 
ically 2 years postoperatively have demonstrated this tis- 
sue still to be very soft and immature. 

OSTEOCHONDRAL GRAFTING 

Another promising technique was developed in the 
1960s and 1970s by Wagner in Germany. It involves 
osteochondral transfer from less important areas to 
more important ones inside the same knee joint. This 
technique has been taken up recently by arthroscopic 
surgeons utilizing special instrumentation to harvest os- 
teochondral cylinders and then perform a graft exchange 
from the good area to the bad area and vice versa (Fig. 
32.10). 

My experience with this technique is limited to about 
20 cases, 15 of which did very well clinically, arthro- 
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Figure 32. 1 0. Graphic representation of osteochondral graft- 
ing. Grafting of osteochondral cylinders from mechanically 
less important areas to the main weight-bearing area of the 
knee. The technique is especially useful for osteochondritis 
dissecans and osteonecrosis of the femoral condyles. 



scopically, and at MRI checkup. The remaining five were 
still symptomatic; two showed partial absorption of the 
transplanted cylinders, two showed fibrocartilaginous 
conversion of the transplanted cartilage, and one was 
symptomatic for no obvious reason. I have used this 
technique very successfully for osteochondrotic defects 
in younger patients and for osteonecroses in older pa- 
tients where, surprisingly, the transplanted cylinders did 
survive the transfer. 

For all the inherent positive potential that seems to 
be associated with this technique, the limitations for its 
use are similar to those for cartilage cell repair. The ob- 
vious advantage is the possibility of utilizing the tech- 
nique arthroscopically and of transferring healthy sub- 
chondral bone together with the patient’s own articular 
cartilage including its collagenous matrix. The pitfall here 
is with properly sizing the cylinders needed to fill any 
given defect and with harvesting the cylinders flush and 
perpendicularly to obtain an optimal fit with the sur- 
rounding surface. Another complication involves the 
tapping in of the cylinder, at which time the articular 
cartilage surface may be damaged mechanically. 

In addition, it is sometimes difficult to control the 
depth of tapping in, because the sleeve has no firm sup- 
port on the surrounding articular cartilage surface and 
has to be held freely by hand, which involves a certain 
risk of either tapping it too deeply or not deeply enough. 
Further improvement of the instrumentation will most 
probably eliminate these shortcomings. 

ADDRESSING FAULTY BIOMECHANICS 

When it comes to repairing articular cartilage defects or 
healing osteoarthritic cartilage loss, the key is not only 
to repair those defects in the short term, but also to en- 
sure that the result will last over long periods of time. 
To maximize chances for a lasting result, biomechani- 
cal factors have to be taken into account as well. In 




Figure 32.11. Graphic representation of high tibial os- 
teotonny in combination with abrasion arthroplasty. The com- 
bination of abrasion arthroplasty and osteotomy improves sur- 
gical results and also saves time for the patient, because both 
repair processes can heal at the same time. 



cases of varus or valgus deformities, corrective os- 
teotomies (Fig. 32.11) should be considered, preferably 
at the time of the first surgery. Sometimes it is claimed 
that osteotomy alone will also do the trick. As far as 
pain is concerned, this may even be true. As far as joint 
function is concerned, this is certainly not true. The re- 
sult can be significantly improved if not only the long 
axis of the leg is corrected, but also the “potholes” on 
the articular surfaces are refilled. The key here is not 
just to reduce intraarticular rub-off and degradation, but 
preferably to eliminate it completely. 

In terms of patellofemoral biomechanics, additional 
lateral retinacular release (Fig. 32.12) and even tibial tu- 
bercle transfer (Fig. 32.13) might be necessary to pro- 
tect the reparative tissue over the long term. In addition 
to the aforementioned maldistribution of compressive 
forces, instability from collateral and/or cruciate liga- 
ments plays a role in the development of osteoarthritic 
changes in the knee. Whereas the previous practice was 
not to perform ACL replacement in older and os- 
teoarthritic patients, the opinion is now swinging around 
to the belief that even for the osteoarthritic knee sta- 
bility will be beneficial. I have never observed any age 
limits and I have always felt that to have an osteoarthritic 
knee is bad enough and that it does not have to be left 
unstable, too. 

As opposed to the mainstream in the orthopedic 
community, I have never used the patellar tendon graft 
for osteoarthritic patients, feeling that a graft twice as 
stiff as the natural ACL cannot be a good choice in a 
joint where the femoral condyles underwent consider- 
able deformation. Maybe some of the disillusionment 
with ACL replacement in osteoarthritic patients stems 
from utilizing patellar tendon as opposed to other more 
elastic materials such as semitendinosus tendon. De- 
pending on the amount of additional instabilities and on 
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Figure 32.12. Graphic representation of the lateral release 
procedure. Decompressing and realigning the patella relative 
to the trochlea is a useful adjunct to corrective measures about 
the knee and helps protect the newly formed reparative tis- 
sue following both shaving chondroplasty and abrasion arthro- 
plasty. 

the patient’s body weight, I would either use a double- 
looped or a quadrupled semitendinosus graft (Fig. 
32.14), which, according to laboratory testing, shows 
an elasticity similar to that of the natural ACL. Here, 
too, the pitfall is in refusing to address the problem of 
instability early in the disease process. This is another 



Figure 32.13. Graphic representation of tibial tubical trans- 
fer. In cases of significantly increased Q-angles, a lateral reti- 
nacular release would be insufficient to ensure long-lasting fi- 
brocartilaginous healing in the patellofemoral Joint. In such 
cases the additional medial transfer of the tibial tubercle is 
mandatory. 



example of the “wait-and-see” philosophy’s being detri- 
mental to the patient’s health. Especially with today’s 
minimally invasive techniques in replacing torn ACLs, 
the disadvantages of open ACL surgery are no longer 
to be feared. 

PARTIAL AND TOTAL KNEE REPLACEMENT 

There are cases where the choice will be to use artifi- 
cial components to replace lost articular cartilage to re- 
store joint function. In this context, the rheumatoid pa- 
tient comes to mind, but also the old, the weak, and the 
uncooperative patient as well. In such cases, and when 
there is substantial bone loss or severe axial deformity, 
possibly combined with severe and multidirectional in- 
stability, nobody would argue the necessity for total knee 
replacement. 

There is, however, a large “gray zone” of indications 
where total or partial knee replacement could be cir- 
cumvented or at least postponed significantly by utiliz- 
ing techniques that aim at repair and restoration of ar- 
ticular cartilage tissue volume. That this is possible has 
been proven by experience. How it works and under 
which circumstances the results become more pre- 
dictable has been elaborated on. To be more efficient 
with articular cartilage defects, the treating orthopedic 
surgeon should equip himself with a wide range of sur- 
gical procedures that he can use to achieve the best pos- 
sible results for his patients. 

PITFALLS IN REHABILITATION 

No matter what mechanism of repair we’re looking at, 
the key to success is the proper use of rehabilitational 
measures. Dictated by early functional treatment modal- 




Figure 32.14. Graphic representation of the quadrupled 
semitendinosus plasty for anterior cruciate ligament (ACL) re- 
placement. In the osteoarthritic knee the graft choice should 
be in favor of the semitendinosus tendon, which is less stiff 
than the patellar tendon and thus does not cause stress ris- 
ers between the contacting articular surfaces. 
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ities that have been developed for ligament surgery to 
help collagenous structures reorient themselves in scar 
tissue, this concept, beneficial for ligament surgery, has 
been translated into other types of joint surgery. Un- 
fortunately, the principle of early functional rehabilita- 
tion is detrimental to achieving the repair response that 
we want and need in dealing with articular cartilage de- 
fects. This applies to the same extent to both shaving 
chondroplasty and abrasion arthroplasty. The key here, 
in my experience, is to keep the patient away from the 
physiotherapist for about 2 months postoperatively. 
During that time, continuous passive motion is benefi- 
cial and absolutely sufficient. 

Only after the repair response has matured to a point 
where the tissue will withstand compressive and sheer 
forces without risking damage can the focus shift back 
to muscular rehabilitation. In the first stage following 
shaving chondroplasty and/or abrasion arthroplasty the 
muscles have to be “sacrificed.” Once the knee has 
healed and repaired itself, rebuilding the muscle will not 
cause a major problem. 

If, on the other hand, the reparative response is in- 
complete or even absent, the muscles will never come 
back completely and the outcome will not be what it 
could have been had these principles been heeded. Ad- 
vice such as “The patient should weight bear as toler- 
ated” should be a thing of the past. Pain tolerance is 
not the question. Insufficient or absent repair of articu- 
lar cartilage defects would not be felt by patients in the 
early postoperative stages. They would be felt when the 
patients think they are ready to return to more aggres- 
sive types of activities and then feel the limitations in 
the same way they felt them prior to surgery. Here again 
the surgeon has to be courageous to confront the pa- 
tient’s understandable desire for quick solutions, which, 
when they concern articular cartilage damage, are not 
at hand. 

CONCLUSION 

When confronted with articular cartilage lesions we 
should aim at restoring normal anatomy, normal phys- 
iology, and normal function as completely as possible. 
To achieve this, we have to utilize the necessary surgi- 
cal and rehabilitational means that ensure a maximum 
probability of a good and long-lasting result. Together 
with the articular cartilage problem, additional patholo- 
gies such as axial deviations, patellar malalignment, and 
ligament instabilities have to be addressed with mini- 
mally invasive techniques. 

Considerations of cost-effectiveness, fear of litigation 
or peer criticism, and maximal patient comfort should 



not be primary in the decision-making process. The key 
is to interrupt an otherwise vicious circle as completely 
as possible. This may involve a lot of surgery, a lot of 
time, and a lot of patience, on the part of both the pa- 
tient and the doctor. In the long term, though, the 
prospect of having and keeping patients happy will out- 
weigh the difficulties in achieving this goal. Surgeons 
should never be governed by the fear of losing the pa- 
tient. Once they are prepared to lose the patient, be- 
cause they believe in what they are doing and the pa- 
tient does not, most of the time they will not lose the 
patient. And if they do lose the patient in the first place, 
they will get him back at a later stage when it turns out 
that the easy way did not do the trick. 
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Chapter 33 



Cartilage Cell Transplantation 



Lars Peterson 



A rticular cartilage injuries on weight-bearing ar- 
eas of the knee do not heal and may progress 
into osteoarthritis by enzymatic digestion and 
mechanical wear.^’^ The search for complete healing of 
articular cartilage injuries with hyaline regeneration is 
still ongoing. Chondral injuries could heal with either re- 
pair tissue or regeneration. “Repair tissue” means a fill- 
ing of the defect with tissue not identical to hyaline car- 
tilage; “regeneration” means a repair tissue identical to 
normal hyaline cartilage. 

The repair tissue should be able to fill and seal off 
the damaged area and to withstand mechanical wear 
over time. The regenerating tissue should be included 
in the natural turnover of normal cartilage over time. At 
present, there is no optimal treatment of chondral 
injuries. 

The use of the culture technique for chondrocyte 
transplantation was made possible by the work of 
Chesterman and Smith, ^ who were the first to isolate 
and culture chondrocytes free of matrix. In 1984, for 
the first time, results of autologous chondrocyte trans- 
plantation in a rabbit model were presented, showing 
hyaline cartilage repair."^ This animal model was used 
in further studies in Gothenburg, Sweden, with confir- 
mation and improvement of the results.^ 

Since 1985, work has been going on with human 
chondrocyte cell culture technique. In 1987 the ethical 
committee of the medical faculty of the University of 
Gothenburg approved a clinical pilot study using autol- 
ogous cultured chondrocyte transplantation in chondral 
defects of the human knee (Fig. 33.1). The first results 
of this technique in treating chondral lesions in the hu- 
man knee were presented in 23 patients in October 
1994.^ In 14 out of 16 patients treated for chondral in- 
juries on the femoral condyles, the results were good to 



excellent. More than 500 patients have been treated in 
Sweden with autologous chondrocyte transplantation, 
and worldwide more than 1,500 patients have been 
treated with this technique. 

INDICATION FOR AUTOLOGOUS 
CHONDROCYTE TRANSPLANTATION 

Autologous chondrocyte transplantation is indicated in 
patients of ages 15 to 55 years with focal femoral ar- 
ticular cartilage injuries of 10 to 40 mm in diameter ex- 
tending down to the subchondral bone. Contained le- 
sions with normal cartilage surrounding the excised 
defect have a better prognosis than uncontained lesions 
extending to the synovial lining of the joint (Fig. 33.2). 

Medial and lateral femoral condyle lesions with varus 
or valgus deformities need a correction with osteotomy 
to change the compressive forces acting on the com- 
partments. Isolated femoral condyle defects with ante- 
rior cruciate ligament (ACL) deficiency are recom- 
mended for autologous chondrocyte transplantation 
along with ACL reconstruction. 

The decision based on the indications for autologous 
chondrocyte transplantation is made during arthroscopic 
evaluation. Visualization, probing, and assessment of the 
depth and size of the defect are done as well as a com- 
plete arthroscopic examination. If the indications are 
found, cartilage is harvested for chondrocyte cell cul- 
turing. 

CLINICAL EVALUATION 

A history of any trauma or repetitive loading and a care- 
ful record of previous surgery are important. A thor- 
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Figure 33.1. Autologous chondrocyte transplantation. 



ough clinical examination is performed, including signs 
of local tenderness, swelling, range of motion, and crepi- 
tations. Varus or valgus deformities are examined as well 
as patella malalignment or instability. Clinical tests of 
ligament instability are performed. Standing x-rays are 



taken of the knee in extended position and in 45 de- 
grees of flexion. X-rays with the hip-knee-ankle axes 
should also be taken. Any abnormal weight-bearing axes 
should be corrected, and slightly overcorrected by 2 to 
3 degrees. Magnetic resonance imaging (MRI) could pro- 
vide additional information of the joint status. 



Contained 

Defects 




Uncontained 

Defects, 

Unilateral 




Uncontained 

Defects, 

Bilateral 




Figure 33.2. Examples of contained, unilateral, and bilateral 
uncontained defects. 



ARTHROSCOPIC EVALUATION 

Under general anesthesia, a complete stability test of 
the knee is done, comparing with the healthy side and 
the previous findings. A complete examination of the 
joint has to be done, including all articular cartilage sur- 
faces, the synovial lining, the menisci, the cruciate lig- 
aments, and any fragments, osteophytes, or loose bod- 
ies present. Undiagnosed intraarticular pathology is 
critical and could interfere with the indications and the 
results. Visualization, probing, and assessment of the 
depth, size, and location of the cartilage injury should 
be performed. The opposing articular surface should be 
normal, or at most only fibrillation or superficial Assur- 
ing are found. 

During the arthroscopy, the planning of the trans- 
plantation is started and different surgical approaches 
are considered as well as the technical details of the in- 
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tended debridement of the defect, and containment of 
the defect subchondral bone condition. Meniscus lesions 
should be treated arthroscopically, but after the har- 
vesting of cartilage for cell culturing. Loose bodies and 
cartilage fragments should be removed before harvest- 
ing of cartilage. No debridement or only gentle de- 
bridement of the injury is performed at this point. 



ARTHROSCOPIC HARVESTING 
OF CARTILAGE 

Cartilage is harvested from the upper medial or upper 
lateral femoral condyle on minor weight-bearing areas. 
It could also be harvested from the intercondylar notch. 
In 98% of our cases, the cartilage is harvested from the 
upper medial femoral condyle. With the arthroscope in 
the lateral portal and the probe in the medial portal, ac- 
cess to the areas is evaluated. If there is any interfer- 
ence with a medial plica, this may have to be resected 
before harvesting the cartilage. With a curette or spe- 
cial instruments, three or four slices of cartilage sized 3 
to 4 mm X 10 to 12 mm are taken from the upper me- 
dial femoral condyle and are large enough for defects 
up to 8 to 12 cm^. The slices should extend into the 
subchondral bone plate, including some subchondral 
bone, and extend to the synovial lining. This will allow 
fibrous ingrowth as well as synovial ingrowth for cover- 
ing of the harvest area. 

The healing time for the harvest area is about 3 
months. The area will be covered by fibrous tissue. In 
over 600 patients who have had cartilage removed for 
cell culturing, there have not been any complications or 
late symptoms. Optimal harvesting of cartilage is of 
greatest importance for the success of the cell culturing. 
Optimal cell quality is necessary for an optimal result of 
the procedure.^ 



SURGICAL PROCEDURE 

The patient is under general anesthesia or spinal anes- 
thesia. There is a tourniquet-controlled bloodless field. 
The arthrotomy starts with a minor parapatellar incision. 
The joint is opened and the defect area is identified. The 
defect area is carefully examined for size, depth, and 
grade of the lesion. The surgical approach to the lesion 
is assessed and if necessary the incision is increased to 
be able to perform an optimal surgical procedure. 

Excision and Debridement of the Defect 

The injured area should be excised with vertical edges 
and include all the damaged area with fissures running 
from the defect. A radical excision is the key to success 
(Fig. 33.3). Trochlear lesions may be angulated on 






c 

Figure 33.3. A: Lesion of the medial femoral condyle. 
B: Radical excision, including damaged tissue. C: Defect cov- 
ered with periosteal flap. 
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the anterior and posterior edges to minimize catching 
in the early postoperative period. Gentle debridement 
of the excised area should be carefully carried out down 
to the subchondral bone with sharp curettes. Bleeding 
should be avoided as it will introduce fibroblasts and stem 
cells into the repair area, with fibrocartilage formation 
resulting. 

Measurement of the Defect 

Measurement of the defect should include the longest 
diameter of the excised defect and its longest perpen- 
dicular diameter. The use of a template for determining 
the exact size of the defect is recommended (Fig. 33.4). 

Periosteal Harvesting 

With increasing age and inactivity, the periosteum at- 
rophies and sometimes becomes so thin that it is not 
possible to harvest or is of such poor quality that it can- 
not be used. 

Periosteum is recommended to be harvested from the 



upper medial tibia, distal to the pes anserinus and the 
medial collateral ligament insertions. Another location 
for periosteal harvesting is proximal to the articular sur- 
faces of the medial or lateral femoral condyles, where 
the periosteum is thicker. This harvesting area needs a 
synovial incision and a subsynovial dissection down to 
the periosteum. The periosteum in these locations is 
covered by numerous small vessels, which should be 
carefully cauterized after the incision and removal of the 
periosteal flap. 

There is a risk for bleeding in the harvesting area, 
especially on the femur, and this could cause problems 
in the postoperative rehabilitation with swelling, adhe- 
sions, and arthrofibrosis. 

In our experience the proximal medial tibia is the op- 
timal and safest area for periosteal flap harvesting, and 
only three complications with hematomas in over 500 
patients have occurred. Evacuation of the hematomas 
is required. No long-term negative effects have been 
seen. 

Through a separate incision from the upper medial 
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tibia, clean the periosteum of fat and fibrous tissue. 
Avoid making any rifts in the periosteum. Then mea- 
sure or use the template for sizing of the periosteum. 
Oversize the periosteal flap by adding 1 to 2 mm to the 
periphery of the intended flap. Incise the periosteum 
and use a sharp elevator to remove the periosteal flap, 
starting distally and going proximally with small move- 
ments to avoid rifts in the periosteum. Mark the side of 
the periosteum to be able to identify the cambium layer. 
Keep the periosteal flap moist with saline. 

Suturing of the Periosteal Flap 

The debridement is checked and any debrides remain- 
ing are removed. Place the periosteal flap with the cam- 
bium layer facing the subchondral bone of the defect. 
Use 5-0 or 6-0 resorbable sutures and start anchoring 
the flap with four sutures in each corner. Then place 
the sutures with 5- to 6-mm intervals and try to place 
the knot on the vertical edge, minimizing friction. Grasp 
with the suture at least 5 to 6 mm into normal carti- 
lage. Use fibrin glue to seal the intervals between the 
sutures. Avoid fibrin glue in the defect adhering the pe- 
riosteum to the subchondral bone. Wait for 60 seconds 
for sealing with fibrine glue. Leave an opening in the 
upper part of the defect for injection (Fig. 33.5). Intro- 
duce in this opening a soft catheter with a syringe with 
saline to check for any leakage by slow injection into 
the defect. If necessary, add another suture at any leak- 




Figure 33.5. Opening for injection of chondrocytes. 



ing spot and recheck. Then aspirate the saline and check 
with some air in the syringe that there is no fixation of 
the periosteum to the subchondral bone, closing off the 
defect. 

Implantation of the Cells 

Introduce in the opening at the upper edge of the de- 
fect a soft catheter. Place the catheter distal to the de- 
fect and gently inject the cells and slowly withdraw the 
syringe proximally. When the fluid appears in the open- 
ing at the injection site, close the injection site with a 
suture and with fibrin glue to seal off the defect (Fig. 
33.5). Then close the joint in separate layers. When 
needed, use a drainage without suction in the joint. 

POSTOPERATIVE TREATMENT 

Place a bandage from the foot to over the knee. Six 
hours after surgery, use a continuous passive motion 
(CPM) machine with a range of motion of 0 to 40 de- 
grees, and continue CPM as long as it is comfortable 
for the patient. Prophylactic antibiotics are given for 48 
hours. Isometric quadriceps training and range of mo- 
tion training is started the day after surgery. Mobiliza- 
tion with weight bearing of 30 to 40 pounds for the 
first 6 weeks is started the day after surgery. Gradually 
increase the weight bearing until full weight bearing is 
reached within the following 6 weeks. 

Functional training in water could be started when 
the wound is healed. Bicycling on a stationary bike with 
low resistance could be started when 90 degrees of knee 
flexion is achieved. Gradually increase the resistance 
during bicycling and continue with outdoor bicycling. 
Skating, rollerblading, or cross-country skiing is a good 
intermediate rehabilitation before going back to running. 
Running could be started on an individual basis with 
short distances on flat surfaces at 6 to 9 months. Re- 
turn to competitive sports is allowed after individual as- 
sessment including arthroscopic evaluation, usually at 
the earliest at 6 months, depending on the type of sport 
and the injury.^ 

OTHER SURGICAL CONSIDERATIONS 
The ACL-Deficient Knee 

If ACL instability is present, the ACL should be recon- 
structed either at the same time as the chondrocyte 
transplantation or at the same time as the harvesting is 
performed, using the arthroscopic technique for ACL 
reconstruction. The chondrocyte transplantation could 
probably take place between 3 and 6 months later or 
when the patient has recovered his knee function. 
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Varus or Valgus Deformity 

Varus deformity with a medial femoral condyle lesion 
should be evaluated with hip-knee-ankle x-rays and 
weight-bearing x-rays with extended knees and in 45- 
degree flexion. High tibial osteotomy is used to correct 
the varus deformity. In a valgus deformity, if a minor 
correction of less than 8 degrees is needed, we use a 
high tibial varus osteotomy. If a major correction of a 
valgus deformity is needed, a distal femoral osteotomy 
is recommended. The osteotomy, when needed, could 
be performed either at the same time as the arthro- 
scopic evaluation and the harvesting of cartilage or at 
the same time as the autologous transplantation is per- 
formed, which 1 prefer. 

COMPLICATIONS 

General 

No serious general complications have been seen in the 
first 500 patients. There have been no deep infections, 
no deep thrombosis, no chronic swelling, and no chronic 
synovitis. 



Superficial Periosteal 
Fibrillation 




Local and Periosteal 

Local complications with periosteal fibrillation of the 
fibers left on the periosteum have been seen in fewer 
than 10% of the patients who have had arthroscopic 
evaluation. Periosteal fibrillation, when symptomatic, 
causes crepitations and sometimes swelling. The com- 
plication is managed with gentle shaving of the fibrilla- 
tion (Fig. 33.6). 

Hypertrophic Periosteum 

Hypertrophic periosteum occurs due to friction at mo- 
tion. The hypertrophic tissue of the periosteum over- 
laps from the repair area to the normal cartilage in the 
direction of motion. On the femur it is always seen an- 
terior or posterior to the defect. This overlapping hy- 
pertrophic periosteum gives symptoms such as crepita- 
tions or clicking, or in some rare cases catching or 
locking. Pain and swelling sometimes are present, and 
have been seen in about 20% of 46 patients who had 
a second arthroscopy. They are symptomatic in less than 
50% of patients (Fig. 33.7). Sometimes there could be 
a local hypertrophy of the periosteum that has to be de- 
brided down to the level of the surrounding cartilage. 



Arthroscopic 

Diagrammatic 





Figure 33.6. Periosteal fibrillation. Arthroscopic insert, showing periosteal fibrillation. 
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Figure 33.7. Periosteal edge overlapping. Arthroscopic insert to the right. Edge overlapping from repair area to normal sur- 
rounding cartilage. 



Periosteal Delamination 

The periosteum could delaminate from the underlying 
repair tissue due to friction or to vigorous activity in too 
early a stage of the repair period. It could either be par- 
tial or total (Fig. 33.8). 

Partial Delamination 

Partial delamination means that less than 50% of the 
periosteal flap has been delaminated. The patients ex- 
perience clicking or catching and sometimes pain and 
swelling. The avulsed flap should be gently debrided, es- 
pecially if it is a minor delamination. 

Total Delamination 

Total delamination includes more than 50% of the pe- 
riosteum and could be attached or detached. If it is 
detached, it will appear as a loose body and should be 
extracted arthroscopically. If the periosteum is still at- 
tached, it should be removed completely. The underly- 
ing repair tissue should be left, as it still has the capac- 
ity of filling the defect, which is stimulated by motion to 
form a new surface. Filling of the defect will continue 
by repair activity. No long-term negative results have 
been seen from partial or total delamination. 



Graft Delamination 

Graft delamination means a loosening of the graft from 
the subchondral bone and from the surrounding carti- 
lage. It could be either partial or total (Fig. 33.9). 

Partial Graft Delamination 

A partial graft delamination could be marginal with less 
than 10 mm of loosening of the graft in the attachment 
to the surrounding cartilage and the underlying bone. 
The marginal delamination should be excised and the 
defect left. If the partial delamination is larger than 10 
mm, the graft should be debrided gently and cartilage 
for retransplantation should be taken. Four patients 
have had a second transplantation after partial graft 
delamination. 

Total Graft Delamination 

A total graft delamination is a serious complication. So 
far it has been diagnosed in only two cases due to rein- 
jury. In both cases the patients experienced locking, 
pain, and swelling after an acute distortion of the knee. 
The delaminated graft should be removed and the pa- 
tient should be retransplanted with autologous chon- 
drocyte transplantation. The two patients with a total 
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Figure 33.8. Periosteal delamination. 



graft delamination who have been retransplanted have 
recovered after the second surgery with good results. 

Adhesions and Arthrofibrosis 

Restricted range of motion has occurred in six patients 
who have undergone arthroscopic debridement and mo- 
bilization. All of the patients have regained full range of 
motion. In the Cartilage Repair Registry there were ad- 
hesions and arthrofibrosis reported in the first 50 pa- 
tients 2 years postsurgery in 3% and detachment or de- 
lamination in 5%. 

Reoperations were performed in 7% due to shaving 
and trimming on the operated area, manipulation and 
lysis of adhesions in 2.5% and reimplantation in 1%. 
The total reoperation rate in the Cartilage Repair Reg- 
istry was about 10%, of which 5% were directly related 
to the procedure as is in accordance with our reopera- 
tion rate. 

PITFALLS 

Selection of Patients 

To avoid pitfalls, it is of utmost importance to keep to 
the original indications for autologous chondrocyte 
transplantation. Only grade I articular cartilage injuries 
on the opposing surface could be allowed for autolo- 
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Figure 33.9. Graft delamination. 




gous chondrocyte transplantation. Do not transplant 
kissing lesions with deeper involvement. To start, the 
surgeon should select simple cases, and there is defi- 
nitely a learning curve for this procedure. 

From our personal experience, of the first five pa- 
tients operated with this technique, three were failures. 
Before trying larger defects or more complicated cases 
with ACL reconstruction, osteotomy, etc., the surgeon 
should perform at least 10 simple cases. It is very im- 
portant that the surgeon evaluate and decide the indi- 
cations from his own arthroscopic examination and not 
from videotapes of other surgeons. It is very important 
in the beginning to start with defects located not too far 
back on the femoral condyle, because of the technical 
problems with posterior attachment of the periosteal 
flap on the femoral condyle. If varus or valgus deformity 
is present, affecting the injured side, osteotomy has to 
be considered either before or at the same time as trans- 
plantation. If ligament insufficiency is present, ligament 
reconstruction should be performed. Do not use this 
technique on kissing lesions on the tibia-femoral joint. 
The opposing articular surface should only have super- 
ficial fibrillation (grade I). Osteoarthritis is not an indi- 
cation. 
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SURGICAL TECHNIQUE FOR 
INTRALESIONAL OSTEOPHYTES 

Intralesional osteophytes or a bone formation in the sub- 
chondral bone can sometimes be found as an effect of 
repair or more often after drilling, microfracturing, or 
abrasion arthroplasty. The bony prominence remains af- 
ter careful debridement of the damaged cartilage and 
may interfere with the attachment of the periosteal flap. 
The best management of a prominent osteophyte in the 
debrided area is to gently tap it down into the sub- 
chondral bone to the level of the surrounding subchon- 
dral bone. This will avoid bleeding and leave no rough 
or prominent bone, which may occur after debriding the 
osteophyte with curettes. Fibrous plugs left after drilling 
or microfracturing could be left debrided down to the 
subchondral bone level. 

It must be emphasized that any damaged cartilage 
and fissures extending from the damaged area have to 
be included in the excised defect. The debridement down 
to subchondral bone has to be done very gently and 
carefully to avoid bleeding. Bleeding should be mini- 
mized by the use of epinephrine sponges put into the 
defect, for example during the harvesting of the pe- 
riosteal flap. Punctual use of fibrin glue for hemostasis 
or electrocoagulation could be tried to stop the bleed- 
ing. The surgeon should try to avoid uncontained le- 
sions initially. In unilateral uncontained lesions, careful 
suturing to the synovial lining should be performed, if 
possible, or attachment of the periosteal flap by sutur- 
ing through small drill holes through the bone for an- 
choring the periosteum. 

REHABILITATION 

It is very important for the patient to strictly follow the 
rehabilitation program. But a fast and aggressive reha- 
bilitation with too early and too heavy a dynamic 
strength training with resistance could jeopardize the 
transplanted area and could cause a delamination or hy- 
pertrophic overlapping of the periosteum. Too early a 
return to competitive sports, especially contact sports, 
impact sports, or cutting sports, should be avoided. 

In professional athletes, return to training and com- 
petition should be allowed after a clinical evaluation, 
muscle strengths tests, functional tests, as well as ar- 
throscopic evaluation of the hardness, filling, and at- 
tachment of the repair tissue. 

SALVAGE PROCEDURES 

The salvage procedure in a failure due to delamination 
of the graft or reinjury or any other graft failure should 



be reoperation with autologous chondrocyte transplan- 
tation as the first choice. If that for some reason is not 
possible, and the patient is young and the symptoms 
are serious with reduced function, microfracturing or 
multiple drilling along with abrasion, arthroplasty could 
be a salvage procedure. In our experience this should 
not be performed before a second chondrocyte trans- 
plantation has been tried. In older patients, artificial joint 
replacement may be considered on an individual basis. 

For patients requiring total menisectomy combined 
with varus or valgus deformity, it should include an os- 
teotomy for correction of the weight-bearing center of 
the joint either before or at the same time as the chon- 
drocyte transplantation. 

At present we have no statistics on the importance 
of total or partial meniscectomy. Further follow-up stud- 
ies should answer those questions. The use of allograft 
meniscal transplantation is not indicated, to our knowl- 
edge. At present we cannot recommend meniscal allo- 
graft in combination with chondrocyte transplantation; 
we recommend osteotomy in those cases. 

CONCLUSION 

Autologous chondrocyte transplantation has been per- 
formed for more than 10 years in Sweden, and over 
500 patients have been operated in Sweden and over 
1,500 worldwide. No serious adverse effects or com- 
plications have been reported. Adhesions, arthrofi- 
broses, and periosteal complications have been the 
most common. Most adhesions, arthrofibroses, and pe- 
riosteal complications can be treated with athroscopic 
debridement and mobilization technique without any 
long-term negative effects. There is a 5% reoperation 
rate. Graft delamination could be managed with reop- 
eration with autologous chondrocyte transplantation. 
Previous surgery, such as total meniscectomy, abrasion 
arthroplasty, multiple drilling, and microfracturing, may 
affect the end result, but sufficient data are not avail- 
able at present. 

No severe general complications have been reported. 
No intraarticular infections have been diagnosed in over 
1,500 patients treated with autologous chondrocyte 
transplantation. The local complications that have been 
reported have been low in frequency, and have been 
possible to treat with arthroscopic procedures, and in 
the few cases of delamination of the graft, retransplan- 
tation with autologous chondrocyte transplantation has 
been possible with good results so far. 

It seems that autologous chondrocyte transplantation 
from the present experience of over 10 years as the 
longest follow-up, and with over 1,500 patients oper- 
ated worldwide, is a safe procedure. 
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Chapter 34 



Arthrofibrosis Following Knee Surgery 
(Arthroscopic/Open) 



John C. Richmond 



R estriction of motion or arthrofibrosis following 
knee surgery remains a potentially disastrous 
complication of any knee injury or surgical pro- 
cedure. Loss of motion has been described as a poten- 
tial complication of virtually any knee operation from as 
minor as diagnostic arthroscopy to major ligament or 
fracture reconstruction.^”^ Generally, the frequency of 
arthrofibrosis is correlated to the magnitude of the sur- 
gical procedure and the duration, if any, of postopera- 
tive immobilization, and inversely correlated to the time 
between injury and surgery. 

Arthrofibrosis can be subdivided into four categories 
based on the motions that are limited (Table 34.1): 
(1) Rexion deformity, or lack of extension, is poorly tol- 
erated, with loss of as little as 10 degrees of extension 
leading to pain, limp, and patellofemoral arthrosis. 
(2) Extension deformity, or lack of flexion, has been 
most commonly encountered through the years. Small 
limitations of flexion (5 to 15 degrees) remain a com- 
mon sequela of many major knee procedures, and are 
tolerated well, even in athletes. When flexion is limited 
to 125 degrees, often the only symptom will be inabil- 
ity to squat. As flexion becomes limited to 110 degrees 
or less, significant difficulties with activities of daily liv- 
ing result, particularly sitting in confined spaces, going 
down stairs, or athletic participation. (3) Combined 
flexion-extension deformity, with loss of both flexion and 
extension and limitation of patella mobility (patella en- 
trapment), can progress to category 4, which is poten- 
tially the most problematic. (4) Patella inf era and infra- 
patella contracture syndrome (IPCS), which was first 
described by Paulos et al,^ is an abnormal fibrosclerotic 
healing response resulting in patella entrapment. It has 
come to be used for those patients who get a progres- 
sive shortening of the patellar tendon leading to a patella 



inf era. ^ This can lead to development of patellofemoral 
arthrosis over a short period of time (2 to 6 months), if 
the patient continues to walk with a bent knee gait.^’"^’^ 
It is also logical to subdivide arthrofibrosis into the 
presumed etiology. We can currently identify several po- 
tential common etiologies, including mechanical, in- 
flammatory, and biologic. Mechanical causes include im- 
mobilization, malpositioned ligament grafts, or displaced 
tissues (e.g., locked meniscal fragment or misplaced 
fracture fragment). Potential inflammatory causes in- 
clude infection or inflammatory arthropathies. Our 
preliminary work has identified the abnormal expression 
of multiple growth factors associated with arthrofibrosis 
as a possible biologic cause as well as the potential com- 
mon pathway resulting from mechanical or inflamma- 
tory conditions. 

BIOLOGY OF SCAR 

Understanding the biologic mechanism of normal scar 
formation in response to injury or surgery is important 
in approaching arthrofibrosis. Normal healing entails a 
series of successive and interrelated processes includ- 
ing cell migration and proliferation, neovascularization, 
extracellular matrix deposition, and the proliferation of 
cells to reconstitute the injured tissue. A number of 
different growth factors regulate these processes. Those 
growth factors that currently have been identified as 
playing a role in wound healing are listed in Table 34.2. 
These growth factors are produced by cells that are ad- 
jacent to or migrate to an injury. Their expression is 
normally highest at the time of active tissue repair and 
declines upon healing. Mature scar tissue does not nor- 
mally express these growth factors. 
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Table 34.1. Types of arthrofibrosis based on n^otion 
limitation and patella mobility 



Type 


Extension loss 
(degrees) 


Flexion loss 
(degrees) 


Patella mobility 


1 


>5 


None 


Normal 


2 


None 


>25 


Limited inferior glide 


3 


>10 


>25 


Limited in all planes 


4 


>10 


>30 


Patella infera 



Current research has shown abnormal expression of 
some of these growth factors in a number of fibropro- 
liferative disorders including fibrous dysplasia, aggressive 
fibromatosis, palmar fibromatosis (Dupuytren’s disease), 
and arthrofibrosis. 16-18,25-27 Immunohistochemistry 
also indicates a similarity of these conditions to adhe- 
sive capsulitis of the shoulder.^^ In vitro, manipulation 
with the blocking of platelet-derived growth factor-A 
(PDGF-A), transforming growth factor-j8 (TGF-j8), and 
insulin-like growth factor-I (IGF-I) has been shown to in- 
hibit the proliferation fibroblasts in cell cultures from pri- 
mary arthrofibrosis of the knee.^^"^^ 

Also of note is the in vitro stimulation of fibroblasts 
from palmar fibromatosis by cyclic strain. Alman and 
coworkers^^ have shown that fibroblasts from Dupuy- 
tren’s disease respond differently to cyclic loading in tis- 
sue culture than do normal fibroblasts. There is a sig- 
nificant increase in the proliferation of these abnormal 
fibroblasts, possibly mediated by PDGF, when they are 
strained repetitively that is not seen in normal fibro- 
blasts. As noted above, Dupuytren’s fibroblasts and 
those from arthrofibrosis share some abnormal molec- 
ular biologic mechanisms. This should alert us to un- 
derstand that aggressive stretching in some stiff joints, 
particularly during the inflammatory phase of patella 
entrapment syndrome, may actually aggravate the 
scarring.^ 

Healing without scar formation would eliminate 
arthrofibrosis. This occurs in the fetus, where dermal 
wound healing occurs more rapidly, with normal dermal 
architecture and without scar. In response to a wound. 



Table 34.2. Growth factors involved in wound healing 



Platelet-derived growth factors 


PDGF-A 




PDGF-)3 


Transforming growth factors 


TGF-a 




TGF-j8 


Insulin-like growth factors 


IGF-I 




IGF-II 


Acidic fibroblast growth factor 


aFGF 


Basic fibroblast growth factor 


bFGF 


Epidermal growth factor 


EGF 



adult fibroblasts produce a large amount of collagen 
aligned in parallel bundles, which are laid down per- 
pendicular to the epidermis. This is the pattern that 
makes a scar. Fetal fibroblasts also respond to a wound 
by migration, proliferation, and collagen production. Fe- 
tal fibroblasts, however, produce collagen in a pattern 
that is indistinguishable from the reticular pattern of nor- 
mal skin. This appears to be an intrinsic property of the 
fetal fibroblast that is associated with a differential ex- 
pression of the collagen I gene.^^ The potential ma- 
nipulation of growth factors or gene expression in the 
future may allow us to prevent or more easily treat the 
problems of arthrofibrosis. 

PREVENTION OF ARTHROFIBROSIS 

While prevention of arthrofibrosis at present is beyond 
our skills, we must strive to minimize the frequency and 
severity of this devastating complication. Although the 
details of reducing arthrofibrosis following each specific 
procedure are covered in those individual chapters, there 
are important generalities to discuss here, including re- 
ducing mechanical limitations to motion while optimiz- 
ing the timing of surgery, and rehabilitation. 

Mechanical Issues 

Virtually every series on the treatment of arthrofibrosis 
identifies anterior cruciate ligament (ACL) reconstruc- 
tion as the most frequent cause of arthrofibrosis.^"^ 
While primary (or biologically induced) arthrofibrosis 
may result from ACL reconstruction, more commonly 
it results from a mechanical problem. Often this is 
a suboptional graft position or excessive tensioning of 
a nonanatomic graft (Fig. 34.1). The more common po- 
sitioning errors are (1) anterior placement of the tibial 
drill hole leading to notch impingement; and (2) femoral 
drill hole placement that is too anterior, resulting in a 
short overall intraarticular graft. There is an interplay 
between ACL graft placement and tensioning technique. 
Several authors feel that the optimal technique for ten- 
sioning patellar tendon grafts, to obtain reproducibly sta- 
ble knees, with full range of motion (ROM), is to apply 
high initial tensions to the graft with the knee at full ex- 
tension. This will ensure that full extension is not 
limited by the graft. If any other technique for tension- 
ing is used, then the surgeon must be able to obtain full 
passive extension of the knee intraoperatively. 

Limiting extension early on following ACL recon- 
struction may lead to the proliferation of a fibrovascu- 
lar nodule of scar anterior to the graft or “cyclops” nod- 
ule. This scar may result from organization of the 
hematoma anterior to the graft and can be substantially 
reduced in incidence by promoting early full extension 
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Figure 34.1. Lateral view of a misplaced ACL graft. This ex- 
cessively anterior position will often result in limited motion 
of the knee both in extension and flexion. 



of the knee (including normal hyperextension) in the im- 
mediate postoperative period. 

Immobilization is no longer used following ACL 
reconstruction, but continues to be part of the postsur- 
gical protocols for other procedures. As in ACL recon- 
struction, immobilization following other surgical pro- 
cedures leads to an increased risk of arthrofibrosis when 
compared with early mobilization. This has been noted 
in many procedures including patellar realignment, pos- 
terior cruciate ligament reconstruction, repair of tibial 
spine fractures, meniscal repair, and complex multiliga- 
ment reconstruction following knee dislocation. 

While immobilization for short periods does offer pro- 
tection to various structures from undue stress, longer 
periods of immobilization are associated with a myriad 
of deleterious effects, including stiffness, loss of strength 
of ligaments, and articular surface damage. One 
must be cognizant of the potential of harm from im- 
mobilization when considering its use. 

Continuous passive motion (CPM) has been sug- 
gested as a means to reduce the risk of arthrofibrosis 
following surgery. Its use has been studied for several 
different procedures, and although of significant bene- 
fit in some cases, it is not universally helpful. CPM has 
been of most benefit following total knee arthroplasty 
where the risk of arthrofibrosis requiring manipulation 
can be substantially reduced by its use (from 10% to 0% 
in one study). CPM after patella realignment has also 



reduced the risk of arthrofibrosis.^^ Many studies on the 
use of CPM following arthroscopically assisted ACL re- 
construction have shown no improvement in motion 
when CPM is used.^^“^^ 

Inadvertent limitation of motion may result from 
quadriceps weakness and an extensor lag. This is inter- 
twined with the issues of timing of surgery, following in- 
jury. If a patient cannot actively fully extend his/her knee 
preoperatively, the risk of limitation of extension post- 
surgery is increased. 

Future mechanical means to reduce adhesions may 
involve the use of hyaluronic acid products as either a 
film or a gel that could act as a barrier to block adhe- 
sion formation. Hyaluronic acid films have been proven 
to reduce intraabdominal adhesions following bowel 
surgery. In unpublished work, we demonstrated in 
a rabbit knee model that hyaluronic acid films can re- 
duce the number and density of adhesions that form fol- 
lowing synovectomy. The use of hyaluronic acid prod- 
ucts in high-risk surgical procedures on the knee may, 
in the future, reduce the chance of arthrofibrosis. 

Inflammatory Issues 

We are limited in our ability to change the inflamma- 
tory response that may lead to arthrofibrosis following 
most surgical procedures. Although there may be an in- 
flammatory component to the issue of early surgery fol- 
lowing injury, this subject is covered under timing issues 
(see below). The expansion of arthroscopic techniques 
over the past two decades has significantly reduced the 
need for knee arthrotomies. There has been a steady 
evolution of rehabilitation techniques during this same 
period. The performance of a given procedure arthro- 
scopically should reduce the risk of limitation of motion 
compared to open techniques. This is highlighted when 
one looks at synovectomy for inflammatory synovitis 
where the rates of lost motion following open synovec- 
tomy range from 30% to 60% and only 1% to 5% fol- 
lowing arthroscopic synovectomy. 

The pharmacologic methods for reducing inflamma- 
tion postsurgery are somewhat limited and have not been 
shown to effect the risk of significant fibroarthrosis. The 
perioperative use of nonsteroidal antiinflammatory drugs 
(NSAIDs) has been associated with decreased postoper- 
ative narcotic analgesics usage as well as increased early 
motion (up to 3 weeks postsurgery). Oral cortico- 
steroids have also been demonstrated to reduce the de- 
mand for postoperative analgesics and speed the recov- 
ery from a number of arthroscopic procedures. 
Since most surgical procedures have a relatively low risk 
of arthrofibrosis and there are significant potential risks 
related to oral corticosteroids (e.g., gastrointestinal ul- 
ceration and osteonecrosis), the routine perioperative use 
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of oral corticosteroids is not encouraged. The carefully 
considered use of oral corticosteroids can be entertained 
in those situations where there is a high risk postoper- 
ative of arthrofibrosis (see Treatment, below). ^ 

The intraarticular use of corticosteroids at the time 
of surgery has been associated with a significant increase 
in the risk of septic arthritis. Although intraarticular 
corticosteroids offer a potential means of reducing post- 
operative arthrofibrosis, this risk of sepsis probably pre- 
cludes the routine use of intraarticular corticosteroids at 
the time of surgery, except in very high risk procedures. 

Cryotherapy has also been proposed as a means of 
reducing postoperative inflammation, pain, and swelling. 
Although results of several studies have been contra- 
dictory, cold therapy may reduce swelling and pain for 
several days postsurgery. There is no evidence to indi- 
cate that there is a long-term reduction in the risk of 
postsurgical arthrofibrosis. 

For unclear reasons, there is an increased risk of ar- 
throfibrosis following ACL/medial collateral ligament 
(MCL) injury treated with early ACL reconstruction and 
repair of the MCL tear when the MCL tear is proxi- 
mal. This may be due to mechanical issues associated 
with repair of the MCL proximal to the joint knee, but 
may also relate to local inflammatory factors. 

Timing Issues 

Most reports on the issues of timing of surgery and 
arthrofibrosis have dealt with ACL injuries. A number 
of factors have contributed to this, including the feeling 
from the 1980s that there was a “golden period” of 2 
weeks following ACL tear for optimal results with re- 
construction. Shelbourne et al^^ and Mohtadi et al^^ in 
1991 were the first to focus on the issues of timing of 
early ACL reconstruction and the risk of arthrofibrosis. 
They noted the association of earlier surgery and a high 
risk of motion problems. Delaying surgery until motion 
has recovered, until quadriceps control of the leg allows 
full active extension, and until the acute hemarthrosis 
has resolved significantly reduces the risk of postopera- 
tive arthrofibrosis requiring arthroscopy and/or manip- 
ulations.^^ While it is possible to achieve excellent re- 
sults with surgery within the first 3 weeks following 
injury, if aggressive rehabilitation protocols are used, it 
is at a cost of 6% of patients requiring additional surgi- 
cal procedures to regain motion. 

Timing of surgery, return of motion preoperatively, 
and the risk of motion limitations have been particularly 
problematic in the patient with an ACL tear and a locked 
bucket-handle meniscal tear. A three-stage approach with 
early meniscal repair, followed by rehabilitation to regain 
full motion, and then delayed ACL reconstruction has 
been very helpful in reducing the risk of arthrofibrosis.^^ 



There are certain injuries such as knee dislocations 
and intraarticular fractures for which early surgical treat- 
ment is favored. In these cases, both the timing and the 
magnitude of the procedure can contribute to a high 
rate of stiffness requiring manipulation. The rate of ma- 
nipulation following early treatment of knee dislocation, 
even with early protected mobilization, was greater than 
50% in two recent series. Unfortunately, to delay 
these procedures to improve motion will significantly 
compromise long-term stability and function. In Noyes 
and Barber-Westin’s"^^ series, only 25% of patients with 
late reconstructions could return to sports without symp- 
toms, while more than 70% of acute reconstructions 
had no limitations at sport. The surgeon should antici- 
pate this risk of stiffness and be prepared for early ma- 
nipulation and/or arthroscopic arthrolysis. 



TREATMENT 

While prevention of arthrofibrosis is our goal, it is at 
present not fully attainable. Our current best treatment 
of arthrofibrosis is early recognition and aggressive treat- 
ment with the hope of preventing the joint surface ar- 
throsis that can develop quickly in the patellofemoral 
joint with IPCS."^’^’^ It is important that the orthopedic 
surgeons and physical therapists treating the knee rec- 
ognize, early on, those patients not progressing appro- 
priately with motion following injury or surgery. 

Radiographs should be obtained when motion prob- 
lems are recognized, to identify any mechanical imped- 
iment that needs correction to regain motion. These me- 
chanical problems are most often the suboptimal 
placement of graft tunnels or hardware in ACL recon- 
structions (Fig. 34.1). Bony blocks to motion may also 
occur in malreduced fractures. While it is difficult to 
confront the issue that an ACL tunnel location is the 
cause of limitation of motion, it is imperative that early 
treatment be undertaken to prevent patellofemoral ar- 
throsis. It is better for the long-term health of the knee 
to perform an early removal of a misplaced ACL graft, 
allow the patient to regain full motion, and then per- 
form an anatomically correct reconstruction, than it is 
to struggle with physical therapy and casting when this 
is doomed to fail. 

Paulos et al^’^ were among the first to recognize the 
early inflammatory stage that can be a sign of primary 
arthrofibrosis that will go on to IPCS. This may present 
as a knee that is hot and swollen in the region of the 
patellar tendon and fat pad. Early limitation of patella 
mobility, particularly superior glide, is often present. 
These patients have limitation of both flexion and ex- 
tension, and although the scarring may be secondary to 
a mechanical factor, this may also be the beginning of 
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primary arthrofibrosis, which can be particularly hard to 
treat. Although there has been no scientific study to con- 
firm it, we have noted this to be more common in pa- 
tients who are redheads and have fair complexion, par- 
ticularly those who are keloid formers. We have been 
able to successfully treat this early inflammatory phase 
in some patients with a short course of high-dose oral 
corticosteriods or less commonly NSAIDs.^ Overly ag- 
gressive stretching in this inflammatory stage seems to 
aggravate the inflammatory response in most patients 
(see Biology of Scar, above). Gentle nonforceful mobi- 
lization done actively by the patient is appropriate. 

Various authors have recognized many different pat- 
terns of arthrofibrosis. While there are 
numerous classifications that have been proposed, a 
simple four-class schema based on motion limitation and 
patella mobility (Table 34.1) includes the information 
necessary to plan treatment, nonoperative or surgical. 
Our treatment algorithm is given in Fig. 34.2. It is ap- 
plicable to arthrofibrosis types 1 to 3, but not to type 
4, after the development of patella inf era. The surgery 
performed depends on the type of arthrofibrosis, as out- 
lined below. 

If a patient does not come to full extension equal to 
the other knee (including physiologic hyperextension) 
early on after injury or surgery, then scar may form an- 
terior in the notch or between the fat pad and the 
notch. This is particularly so with ACL reconstruc- 
tions but not limited to ACL surgery. This is type 1 
arthrofibrosis. Once imaging studies have eliminated a 
mechanical cause, then treatment should be instituted. 
When recognized within the first few months after the 



index injury or procedure, mechanical stretching may 
alleviate the problem. Among the techniques that can 
be employed are dynamic extension splints, dropout 
casts, extension boards (Fig. 34.3), and serial extension 
casting. Serial extension casting must be employed cau- 
tiously due to the risk of articular surface damage from 
both immobilization and the pressure of forced exten- 
sion, and casts should be changed at least every other 
day. By 4 months from the index procedure, these tech- 
niques are likely to be of limited value due to the ma- 
turity of the scar tissue, and surgical treatment is ad- 
vised. Also, if there is a lack of progress at any time 
using these mechanical means, then early surgery is in- 
dicated. 

The surgical treatment of arthrofibrosis is directed at 
removing any mechanical impediment to motion, re- 
moving significant areas of scarring, and restoring nor- 
mal patella mobility and location. The extent of the 
surgery as well as the postoperative rehabilitation vary 
greatly from type 1 to type 4. 

In type 1 arthrofibrosis, the arthroscopic treatment 
has proven quite successful. Flexion deformities of as lit- 
tle as 5 to 8 degrees can cause symptoms of limp or 
anterior knee pain. As limitations approach 10 degrees 
or more, the likelihood of symptoms increases. Surgery 
is indicated for any patient with anterior knee pain or 
flexion deformity >10 degrees. The arthroscopic find- 
ings are typically scarring anterior in the notch, or be- 
tween the fat pad and the notch or anterior tibia. The 
“ Cyclops syndrome” described by Jackson and Schae- 
fer^ ^ represents a variant of these findings following 
ACL reconstruction, where a nodule of scar is pedun- 




Figure 34.2. Algorithm for management of arthrofibrosis. 
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Figure 34.3. Dropout casts (A) or extension boards (B) may 
be used to gain extension early on, following injury or surgery. 

culated and may cause mechanical type symptoms of 
clunking. At surgery, one must be careful to expand the 
notchplasty if an impinging ACL graft is identified. Mul- 
tiple adhesions are rarely encountered in the supra- 
patella pouch in type 1 arthrofibrosis, but must be re- 
moved if seen.^ These bands can limit the proximal 
excursion of the quadriceps muscle and inhibit the pa- 
tient from regaining active extension postsurgery. If full 
extension is not reached intraoperatively by removing 
intraarticular scar, then any extrasynovial scar anterior 
to the tibia must be removed. This can be done arthro- 
scopically or through a small open incision. 

Following surgery for type 1 arthrofibrosis, the pa- 
tient can be managed as an outpatient or in a short-stay 
unit. Early full passive extension must be maintained for 
the first 7 to 10 days postoperatively. This can be ac- 
complished by bracing and daily physical therapy. If 
CPM is used, one has to be very careful that full ex- 
tension (including physiologic hyperextension) is at- 
tained in the machine in order to prevent notch scar- 
ring from recurring. In those patients for whom full 
extension is difficult at the end of surgery, casting in 
maximum extension for 24 to 48 hours, followed by 
physical therapy and the use of mechanical stretching 
devices (stretching board, dynamic splint, drop-out cast) 
is of benefit. Rarely will surgical release of posterior cap- 
sular structures be required. 

Type 2 arthrofibrosis, where only flexion is limited, 
usually results from immobilization in extension and is 
associated with suprapatella scarring. It can also occur 
when the quadriceps mechanism is scarred extraarticu- 
larly to the femur. The patella is not entrapped and only 



limited in inferior excursion. This is rare following ACL 
reconstruction with current early motion protocols. If 
not responsive to physical therapy, then surgical treat- 
ment is indicated. While some authors have recom- 
mended manipulation under anesthesia for this condi- 
tion,^^ we favor arthroscopic lysis and resection of 
adhesions prior to manipulation, particularly in cases oc- 
curring 4 months or more after the index procedure. 
By this time any adhesion that has formed to an artic- 
ular cartilage surface may be strong enough to avulse 
hyaline cartilage. 

Type 2 arthrofibrosis should be surgically treated via 
the arthroscope. The findings at surgery are a supra- 
patella pouch filled with multiple adhesions. Rarely is 
the pouch obliterated by scar. All visible scar should be 
resected. While motorized shavers have been the 
traditional means for doing this, the newer radiofre- 
quency electrocautery devices work well and are hemo- 
static. A blunt obturator or curved Vi-inch osteotome 
can be used to free the distal quadriceps from the 
femoral shaft at the completion of the arthroscopy. This 
helps to restore the normal volume of the suprapatella 
pouch. ^ Manipulation into full flexion completes the pro- 
cedure. If a tourniquet has been utilized, it should be de- 
flated prior to manipulation. 

As opposed to type 1 arthrofibrosis, where CPM and 
postoperative drains are rarely necessary, they are im- 
portant in the surgical treatment of extension contrac- 
tures. Depending on the volume of drainage encountered, 
the drains can be removed early (after a few hours) or 
maintained for 24 to 48 hours. CPM machines should be 
set for maximum tolerated ranges (both flexion and ex- 
tension).^’^ Pain management can be an issue postoper- 
atively with any type of arthrofibrosis and femoral nerve 
blocks help significantly in the perioperative period. 

Types 3 and 4 arthrofibrosis are the spectrum of 
patella entrapment syndrome (PES) extending to 
IPCS.^’^’^’^’^^ Aggressive stretching through physical 
therapy or manipulation under anesthesia are con- 
traindicated. This is particularly so when the peripatella 
region and fat pad are actively inflamed and hot. Force- 
ful stretching only worsens the problem. Only when the 
inflammatory phase has resolved through time or with 
oral corticosteroids, and the patient has good quadri- 
ceps control, should surgery be performed.^ Type 3 
arthrofibrosis is differentiated from type 4 by the pres- 
ence of patella infera in type 4. Noyes et al^ have 
demonstrated that there is a wide normal variation be- 
tween individuals in the ratio of patellar tendon to patella 
height (range 0.75 to 1.46), but virtually no variation 
from the left to right sides in the same person. Left to 
right flexed knee comparison radiographs of the patel- 
lar tendon length are indicated to identify patella infera.^ 
For those patients with more than 8 mm of shortening 
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of the patellar tendon, a DeLee-type tibial tubercle os- 
teotomy (Fig. 34.4) will be necessary to restore the 
patella toward its normal location. 

Open or arthroscopic surgical techniques can be em- 
ployed in the release of types 3 and 4 arthrofibrosis, 
depending on the comfort and skill of the surgeon. 

In either case, all intraarticular adhesions must be re- 
sected, lateral and medial releases performed, and all 
scar between the patella and the anterior tibial plateaus 
removed. The retropatellar tendon bursa should be freed 
and the patellar tendon released to the level of its in- 
sertion on the tibial tubercle. Any mechanical block to 
motion, particularly a malpositioned ACL graft, must be 



removed. Fractional lengthening of a ligament graft or 
a repaired ligament is an acceptable alternative to re- 
moval if full motion is obtained on the operating table. 

The arthroscopic treatment of types 3 and 4 arthrofi- 
brosis requires a systematic approach whereby a work- 
ing area is established bluntly, intercondylar notch and 
fat pad scarring removed, and the gutters and suprap- 
atella pouch cleared. The patella and quadriceps mech- 
anisms are then freed by lateral and medial releases, 
blunt elevation of the quadriceps from the anterior, 
medial, and lateral femoral surfaces, and lysis of the 
retropatellar tendon bursa. The notch should be assessed 
if the location or impingement of an ACL graft is in 




Figure 34.4. Technique for DeLee osteotomy. 
A: The normal patellar tendon length (X) mea- 
sured from the noninjured knee. B: The length 
of the shortened patellar tendon (Y) is mea- 
sured. C: The overall length of the short patel- 
lar tendon plus osteotomy should be 2 cm 
longer than the normal tendon. This will allow 
2 cm of bone contact after the slide. The angle 
of the osteotomy should be 30 to 40 degrees 
from the long axis of the tibia. D: Osteotomy 
completed and proximally moved tibial tuber- 
cle is internally fixed with a screw. 
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question. Notchplasty followed by partial release or re- 
section of the ACL graft is performed if full extension 
cannot be obtained.^ 

While extracapsular bands from the patella to the fe- 
mur have been described, the blind release of the quadri- 
ceps from the femur in conjunction with the lateral re- 
lease has been adequate to treat these if present, without 
specifically exposing them (Fig. 34.5).^’^ 

The DeLee-type tibial tubercle slide osteotomy will 
restore a patella inf era to its normal location, but will 
not restore normal function to the patellofemoral artic- 
ulation, which often remains painful for the long term.^’^ 
This is probably due to both the articular surface dam- 
age and the markedly shortened patellar tendon, which 
has little or nor flexibility. Even with bone grafting of 
the defect, patients who resume high activity levels af- 
ter this osteotomy are prone to stress fractures at the 
point the tubercle was advanced from (Fig. 34.6). 

Postoperative care includes draining the knee and 
early motion, including CPM. Cryotherapy should be 
utilized. Femoral nerve blocks can be a valuable adjunct 
for pain control in the first 48 hours postsurgery. Patella 
mobilization as well as electrical stimulation to regain 
quadriceps control are helpful adjuncts to maintain mo- 
tion. If serial casting is utilized to gain extension, the 
casts should be changed at least daily and mobilization 
of the patella and flexion performed with a physical ther- 
apist.^^ If warmth develops in the anterior knee, a 3- 
to 4-week tapered course of high-dose oral cortico- 
steroids is indicated.^ 




Figure 34.5. Extracapsular band from lateral patella to an- 
terolateral femur. 




Figure 34.6. Marked stress reaction around site of tubercle 
slide in an aggressive athlete who went back to running sports 
6 months after a DeLee osteotomy. 

Results 

Most series report return of normal or near-normal 
range of motion and long-term function following the 
treatment of types 1 or 2 arthrofibrosis. The results of 
treatment of the syndrome of patella entrapment to in- 
frapatellar contraction are far less satisfactory. 

Patients with patella entrapment without patella infera 
can be expected to gain substantial motion both in flex- 
ion (average ~ 30 degrees) and extension (average —14 
degrees). The recovery of function is less predictable, 
often necessitating reduction in athletic activity. Patello- 
femoral pain and crepitance are frequent. Those pa- 
tients who have patella infera rarely resume normal func- 
tion, in spite of gains in motion similar to those in 
patients with less severe patella entrapment. 

CONCLUSION 

Significant reduction in the frequency of arthrofibrosis 
following knee injury and surgery has occurred by recog- 
nition of the contribution of the timing of surgery fol- 
lowing injury and the use of postsurgical rehabilitation 
protocols that promote knee motion and patella mobil- 
ity. Early recognition of developing mobility 

problems is key to reducing the risk of chronic limita- 
tion of mobility, articular surface damage, and decreased 
function. All physicians and physical therapists involved 
in the treatment of the knee must be aware of arthrofi- 




458 J.C. Richmond 



brosis and recognize motion problems. The type of 
arthrofibrosis should be identified and treatment insti- 
tuted. If an inflammatory stage of patella entrapment is 
recognized, mechanical treatment should not be ag- 
gressive, and oral corticosteroid use may be an impor- 
tant adjunct to reduce inflammation prior to surgical 
treatment.^ 

While nonoperative treatment is indicated early on 
(before 4 months) after the index injury or surgery, the 
surgical treatment should not be delayed if progress is 
not being made or a mechanical block is identified. The 
surgical treatment, open or arthroscopic, is based on re- 
moving intraarticular adhesions, releasing extraarticular 
scar, eliminating mechanical blocks to motion, and 
restoring both patella mobility and position. Failure to 
accomplish any of these will lead to persistent motion 
limitation and the risk of articular surface damage. Post- 
surgical rehabilitation protocols need to maintain early 
motion and patella mobility while encouraging return of 
quadriceps function. CPM use can be important in main- 
taining flexion gained at arthrolysis. 

Future directions in the prevention and treatment of 
arthrofibrosis may include identification of the molecu- 
lar biologic mechanisms at the origin of excessive 
scar.^^“^^’^^’^^ Blocking these pathways in high-risk pa- 
tients has the promise of further reduction in the rates 
of arthrofibrosis following knee injury and surgery. Me- 
chanical means using hyaluronic acid gels or films to 
limit adhesions may also have promise in the preven- 
tion and treatment of arthrofibrosis. 

References 

1. Sprague NJ, III, O’Connor RL, Fox JM. Arthroscopic 
treatment of postoperative knee fibroarthrosis. Clin Or- 
thop Rel Res 1982;166:165-172. 

2. Paulos LE, Rosenberg TD, Drawbert J, et al. Infrapatel- 
lar contracture syndrome. An unrecognized cause of knee 
stiffness with patella entrapment and patella inf era. Am 
J Sports Med 1987;15(4):331-341. 

3. Parisien JS. The role of arthroscopy in the treatment of 
postoperative fibroarthrosis of the knee joint. Clin Or- 
thop Rel Res 1988;229:185-192. 

4. Richmond JC, Assal MA. Arthroscopic management of 
arthrofibrosis of the knee, including infrapatellar contrac- 
tion syndrome. Arthroscopi; 1991; 7(2): 144- 147. 

5. Cosgarea AJ, DeHaven KE, Lovelock JE. The surgical 
treatment of arthrofibrosis of the knee. Am J Sports Med 
1994;22(2):184-191. 

6. Paulos LE, Wnorowski DC, Greenwald AE. Infrapatellar 
contracture syndrome diagnosis, treatment, and long-term 
follow-up. Am J Sports Med 1994;22(4):440-449. 

7. Klein W, Shah N, Gasse A. Arthroscopic management of 



postoperative arthrofibrosis of the knee joint: indication, 
technique, and results. Arthroscopy 1994;10(6):591- 
597. 

8. Noyes FR, Wojtys EM, Marshall MT. The early diagnosis 
and treatment of developmental patella inf era syndrome. 
Clin Orthop Rel Res 1991;265:241-252. 

9. Hamer CD, Irrgang JJ, Paul J, et al. Loss of motion af- 
ter anterior cruciate ligament reconstruction. Am J Sports 
Med 1992;20(5):499-506. 

10. Berg EE. Comminuted tibial eminence anterior cruciate 
ligament avulsion fractures. Failure of arthroscopic treat- 
ment. Arthroscopy 1993; 9(4): 446-450. 

11. Shelbourne KD, Johnson GE. Locked bucket-handle 
meniscal tears in knees with chronic anterior cruciate lig- 
ament deficiency. Am J Sports Med 1993;21(6):779- 
782. 

12. Graf BK, Ott JW, Lange RH, et al. Risk factors for re- 
stricted motion after anterior cruciate reconstruction. Or- 
thopedics 1994;17(10):909-912. 

13. Smiley P, Wasilewski SA. Arthroscopic synovectomy. Ar- 
throscopy 1990;6(1): 18-23. 

14. Ogilvie-Harris DJ, Basinski A. Arthroscopic synovectomy 
of the knee for rheumatoid arthritis. Arthroscopy 1991; 
7(l):91-97. 

15. Klein W, Jensen K. Arthroscopic synovectomy of the 
knee joint: indication, technique, and follow-up results. 
Arthroscopy 1988;4(2):63-71. 

16. Richmond JC, Alman BA, Pojerski M. Growth factor ex- 
pression in arthrofibrosis. Arthroscopy 1996; 12(3): 352- 
353. 

17. von Deck MD, Richmond JC, Alman BA. Arthrofibrosis: 
a potential treatment based on growth factor manipula- 
tion. Arthroscopy 1997;13(3):393-394. 

18. Richmond JC, Alman BA, von Deck MD. Growth factor 
expression in arthrofibrosis: a review and preliminary 
study. Unpublished paper. 

19. Grotendorst GR, Grotendorst CA, Gilman T. Production 
of growth factors (PDGF and TGF-/3) at the site of tissue 
repair. Prog Clin Biol Res 1988;266:47-54. 

20. Steefnos H, Lossing C, Hansson HA. Immunohisto- 
chemical demonstration of endogenous growth factors in 
wound healing. Wounds 1990;2:218-226. 

21. Antoniades HN, Galanopoulos T, Neville-Golden J, et al. 
Injury induces in vivo expression of PDGF and PDGF- 
receptor mRNAs in skin epithelial cells and PDGF mRNA 
in connective tissue fibroblasts. Proc Natl Acad Sci USA 
1991;88:565-569. 

22. Antoniades HN, Galanopoulos T, Neville-Golden J, et al. 
Expression of growth factor and receptor mRNAs in skin 
epithelial cells following acute cutaneous injury. Am J 
Pathol 1993;142:1099-1110. 

23. Ross R, Raines EW, Bowen-Pope DF. The biology of 
platelet derived growth factor. Cell 1986;46:155-169. 




34: Arthrofibrosis Following Knee Surgery 459 



24. Whitby DJ, Ferguson MWJ. Immunohistochemical local- 
ization of growth factors in fetal wound healing. Dev Biol 
1991;147:207-215. 

25. Alman BA, Goldberg MJ, Nabor SP, et al. Aggressive fi- 
bromatosis. J Pediatr Orthop 1992;12:1-10. 

26. Alman BA, Nabor SP, Terek RM, et al. Platelet derived 
growth factor in fibrous musculoskeletal disorders: a study 
of pathologic tissue sections and primary cell cultures. J 
Orthop Res 1995;13:66-77. 

27. Terek RM, Jiranek WA, Goldberg MJ, et al. The ex- 
pression of platelet-derived growth-factor gene in Dupuy- 
tren contracture. J Bone Joint Surg 1995;77A(l):l-9. 

28. Bunker TD, Anthony PP. The pathology of frozen shoul- 
der. A Dupuytren-like disease. J Bone Joint Surg 1995; 
77B(5):677-683. 

29. Alman BA, Greel DA, Ruby LK, et al. Regulation of pro- 
liferation and platelet-derived growth factor expression in 
palmar fibromatosis (Dupuytren contracture) by mechan- 
ical strain. J Orthop Res 1996;14(5):722-728. 

30. Gallivan K, Alman BA, Moriarty KP, et al. Differential 
collagen I gene expression in fetal fibroblasts. J Pediatr 
Surg 1997;32(7): 1033-1036. 

31. Jackson DW, Schaefer RK. Cyclops syndrome: loss of 
extension following intraarticular cruciate ligament re- 
construction. Arthroscopic 1990; 6(3): 171-178. 

32. Fisher SE, Shelbourne KD. Arthroscopic treatment of 
symptomatic extension block complicating anterior cruci- 
ate ligament reconstruction. Am J Sports Med 1993; 
21(4):558-564. 

33. Shelbourne KD, Johnson GE. Outpatient surgical man- 
agement of arthrofibrosis after anterior cruciate ligament 
surgery. Am J Sports Med 1994;22(2): 192-197. 

34. Lane JG, Daniel DM, Stone ML. Graft impingement af- 
ter anterior cruciate ligament reconstruction. Presentation 
as an active extension “thunk.” Am J Sports Med 1994; 
22(3):415-417. 

35. Reider B, Belniak RM, Preiskorn DO. Arthroscopic 
arthrolysis for flexion contracture following intra-articular 
reconstruction of the anterior cruciate ligament. Arthro- 
scopy; 1996; 12(2): 165-173. 

36. Bach BR, Jones GT, Sweet FA, et al. Arthroscopy-as- 
sisted anterior cruciate ligament reconstruction using 
patellar tendon substitution. Two- to four-year follow-up 
results. Am J Sports Med 1994;22(6):758-767. 

37. Nabors ED, Richmond JC, Vannah WM, et al. Anterior 
cruciate ligament graft tensioning in full extension. Am J 
Sports Med 1995; 23(4): 488-492. 

38. Fulkerson JP, Becker GJ, Meaney JA, et al. Anterome- 
dial tibial tubercle transfer without bone graft. Am J 
Sports Med 1990;18(5):490-497. 

39. Austin KS, Sherman OH. Complications of arthroscopic 
meniscal repair. Am J Sports Med 1993; 2 1(6): 864-869. 

40. Fanelli GC, Gianotti BF, Edson CJ. Current concepts re- 
view. The posterior cruciate ligament arthroscopic evalu- 
ation and treatment. Arthroscopy; 1994;10(6):673-688. 



41. Shapiro MS, Freedman EL. Allograft reconstruction of 
the anterior and posterior cruciate ligaments after trau- 
matic knee dislocation. Am J Sports Med 1995;23(5): 
580-587. 

42. Noyes FR, Barber-Westin SD. Reconstruction of the an- 
terior and posterior cruciate ligaments after knee dislo- 
cation. Am J Sports Med 1997;25(6):769-778. 

43. Sallay PI, Poggi J, Speer KP, et al. Acute dislocation of 
the patella. A correlative pathoanatomic study. Am J 
Sports Med 1996;24(l):52-60. 

44. Evans EB, Eggers GWN, Butler JK, et al. Experimental 
immobilization and remobilization of rat knee joints. J 
Bone Joint Surg 1960;42A(5):737-758. 

45. Enneking WF, Horowitz M. The intra-articular effects of 
immobilization on the human knee. J Bone Joint Surg 
1972;54A(5):973-985. 

46. Frank CB. Ligament healing: current knowledge and clin- 
ical applications. J Am Acad Orthop Surg 1996;44(2): 
74-83. 

47. Ververeli PA, Sutton DC, Hearn SL, et al. Continuous 
passive motion after total knee arthroplasty. Analysis of 
cost and benefits. Clin Orthop Rel Res 1995;321: 
208-215. 

48. Richmond JC, Gladstone J, MacGillvray J. Continuous 
passive motion after arthroscopically assisted anterior cru- 
ciate ligament reconstruction: comparison of short-versus 
long-term use. Arthroscopy; 1991;7(l):39-44. 

49. Rosen MA, Jackson DW, Atwell EA. The efficacy of con- 
tinuous passive motion in the rehabilitation of anterior 
cruciate ligament reconstruction. Am J Sports Med 
1992;20(2):122-127. 

50. Witherow GE, Bollen SR, Pinczewski LA. The use of con- 
tinuous passive motion after arthroscopically assisted an- 
terior cruciate ligament reconstruction: Help or hin- 
drance? Knee Surg Sports Traumatol Arthrosc 1993; 
l(2):68-70. 

51. McCarthy MR, Yates CK, Anderson MA, et al. The ef- 
fects of immediate continuous passive motion on pain 
during the inflammatory phase of soft tissue healing fol- 
lowing anterior cruciate ligament reconstruction. J Or- 
thop Sports Phys Ther 1993;17(2):96-101. 

52. Becker JM, Dayton MT, Fazio VW, et al. Prevention of 
postoperative abdominal adhesions by a sodium hyaluro- 
nate-based bioresorbable membrane: a prospective, ran- 
domized, double-blind multicenter study. J Am Coll Surg 
1996;183:297-306. 

53. Burns JW, Colt MJ, Burgess LS, et al. Preclinical evalu- 
ation of Sperafilm bioresorbable membrane. Eur J Surg 
1997;suppl 577:40-48. 

54. Nelson WE, Henderson RC, Almekinders LC, et al. An 
evaluation of pre- and postoperative nonsteroidal anti- 
inflammatory drugs in patients undergoing knee arthro- 
scopy. A prospective, randomized, double-blinded study. 
Am J Sports Med 1993;21(4):510-516. 

55. Rasmussen S, Thomsen S, Madsen SN, et al. The clini- 
cal effect of naproxen sodium after arthroscopy of the 




460 J.C. Richmond 



knee. A randomized, double-blind, prospective study. Ar- 
throscopy 1993;9(4):375-380. 

56. Vargas JH, Ross DG. Corticosteroids and anterior cruci- 
ate ligament repair. Am J Sports Med 1989; 17(4): 532- 
534. 

57. Highgenboten CL, Jackson AW, Meske NB. Arthroscopy 
of the knee. Ten-day pain profiles and corticosteroids. 
Am J Sports Med 1993;21(4):503-506. 

58. Armstrong RW, Bolding F, Joseph R. Septic arthritis fol- 
lowing arthroscopy. Clinical syndromes and analysis of 
risk factors. Arthroscopy 1992;8(2):213-223. 

59. Cohn BT, Draeger RI, Jackson DW. The effects of cold 
therapy in the postoperative management of pain in pa- 
tients undergoing anterior cruciate ligament reconstruc- 
tion. Am J Sports Med 1989; 17(3): 344-349. 

60. Daniel DM, Stone ML, Arendt DL. The effect of cold 
therapy on pain, swelling, and range of motion after an- 
terior cruciate ligament reconstructive surgery. Arthro- 
scopy 1994;10(5):530-533. 

61. Edwards DJ, Rimmer M, Keene GCR. The use of cold 
therapy in the postoperative management of patients un- 
dergoing arthroscopic anterior cruciate ligament recon- 
struction. Am J Sports Med 1996;24(2): 193-195. 

62. Konrath GA, Lock T, Goitz HT, et al. The use of cold 
therapy after anterior cruciate ligament reconstruction. A 
prospective, randomized study and literature review. Am 
J Sports Med 1996;24(5):629-633. 

63. Robins AJ, Newman AP, Burks RT. Postoperative return 
of motion in anterior cruciate ligament and medial col- 
lateral ligament injuries. Effect of medial collateral liga- 



ment rupture location. Am J Sports Med 1993;21(1): 
20-25. 

64. Shelbourne KD, Wilckens JH, Mollabashy A, et al. 
Arthrofibrosis in acute anterior cruciate ligament recon- 
struction. The effect of timing of reconstruction and re- 
habilitation. Am J Sports Med 1991; 19(4) :332-336. 

65. Mohtadi NGH, Webster-Bogaert S, Fowler PJ. Limitation 
of motion following anterior cruciate ligament recon- 
struction. A case-control study. Am J Sports Med 1991; 
19(6):620-625. 

66. Shelbourne KD, Foulk DA. Timing of surgery in acute 
anterior cruciate ligament tears on the return of quadri- 
ceps muscle strength after reconstruction using an auto- 
genous patellar tendon graft. Am J Sports Med 1995; 
23(6):686-689. 

67. Hunter RE, Mastrangelo J, Freeman JR, et al. The im- 
pact of surgical timing on postoperative motion and sta- 
bility following anterior cruciate ligament reconstruction. 
Arthroscopy 1996;12(6):667-674. 

68. Murakami S, Muneta T, Ezura Y, et al. Quantitative analy- 
sis of synovial fibrosis in the infrapatellar fat pad before 
and after anterior cruciate ligament reconstruction. Am J 
Sports Med 1997;25(l):29-34. 

69. Mariani PM, Santori N, Rovere P, et al. Histological and 
structural study of the adhesive tissue in knee fibro- 
arthrosis: a clinical-pathological correlation. Arthroscopy 
1997;13(3):313-318. 

70. Dodds JA, Keene JS, Graf BK, et al. Results of knee ma- 
nipulations after anterior cruciate ligament reconstruc- 
tions. Am J Sports Med 1991;19(3):283-287. 




Section VIII 

Unusual Complications in Knee Surgery 
FROM Around the World: Case Reports 




Chapter 35. 1 



Patellar Fracture After Anterior Cruciate 
Ligament Reconstruction with Bone-Patellar 
Tendon-Bone Graft 



T he bone-patellar tendon-bone graft is considered 
the gold standard in anterior cruciate ligament 
(ACL) reconstruction.^ The advantages of taking 
the central third of the patellar tendon are its grip force 
and the bone-to-bone fixation that favors a faster heal- 
ing. ^ Patellar tendon grafts can result in the following 
complications: patellofemoral pain, patellar tendinitis 
and patellar fracture, as well as extensor mechanism 
weakness.^ The morbidity rate of the patellar graft is 
currently a very controversial topic, but the English- 
language literature still considers the use of the central 
third of the patellar tendon the gold standard. 



CASE REPORT 

An 18-year-old man whose recreational physical activ- 
ity consisted of baseball, soccer, football, and mountain 
cycling presented with major symptoms of knee swelling 
and a sensation of instability. He reported that on Oc- 
tober 15, 1992, during a baseball game, he was trying 
to steal second base. When he reached out to touch the 
base, his right foot remained fixed on the ground due 
to the spike shoes, which resulted in a valgus knee flex- 
ion. He heard a “pop” and experienced severe pain and 
functional disability. His knee swelled mildly at that mo- 
ment and he was taken off the playing field. Cryother- 
apy was applied but the following day his right knee was 
much more swollen. He presented at the emergency 
room, where arthrocentesis was performed and a red 
intraarticular fluid was drawn out. He wore a splint for 
1 week. 

When he presented at our clinic 3 weeks after the 
injury, we found anterior instability of the right knee, 
with a 2-h Lachman, a 3-h pivot shift, and a 3-h ante- 
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rior drawer in neutral position. The varus/valgus ex- 
ploration at 0 and 30 degrees was negative, without 
posterior displacement of the tibia. We performed an 
arthrometry and found a 7-mm difference in the maxi- 
mum manual shift, as compared with the healthy knee. 
X-rays in four projections were taken and showed an 
alligned and correctly positioned patella. Arthroscopi- 
cally assisted ACL reconstruction surgery was suggested 
with an autologous bone-patellar tendon-bone free 
graft. Laboratory tests were all within normal ranges. 

Surgery was performed on November 25, 1992. 
General anesthesia was given to the patient, tourniquet 
pressure was 250 mm Hg, and the 10-mm-wide graft 
was harvested from the central third of the patellar ten- 
don. Graft length was 25 mm at the level of the tibia 
and 25 mm at the patellar level. The graft was harvested 
using an oscillating saw, and no complications occurred. 
The Johnson & Johnson template was used to attach 
the ligament to both the tibial and the femoral aspects. 
The graft was fixed with three no. 5 Ethibon sutures on 
the tibial and femoral aspects; an 11 -mm staple with 
spikes was used on the tibial and femoral portions. The 
patient started an accelerated rehabilitation program 
right away with the continuous passive mobilizer. 

Hospital stay was 2 days; total weight bearing on the 
right pelvic limb with crutches was allowed upon dis- 
charge. A home rehabilitation program was indicated, 
allowing initially only quadriceps contraction exercises 
as well as flexion and extension, so as to achieve the 
latter in a 6- to 8-week period. Total flexion was 
achieved at 6 weeks and total extension at 8 weeks. 
Then closed-chain exercises with resistance were 
started, and the patient was allowed to jog at 10 weeks. 
He had a satisfactory course. 

However, 5 months after surgery he was jogging on 
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the beach and stepped into a hole, which caused forced 
flexion of the right knee. He felt a pop inside the knee, 
experienced severe pain, and had functional disability. 
We saw him at the emergency room, where we clini- 
cally diagnosed transverse patellar fracture (Fig. 35.1.1). 
This diagnosis was proven with anteroposterior (AP) 
and lateral x-rays. Internal fixation was performed on 
the same day with two parallel Kirschner wires and a 
figure-8-shaped AO (Association Osteosynthese) wire 
cerclage (Fig. 35.1.2). We had the patient use the 
continuous passive mobilizer immediately and allowed 
full weight-bearing with crutches. At 6 weeks he had 
achieved total knee flexion and extension, and he started 
closed-chain exercises with resistance. He did well and 
the strength of his right quadriceps was quite good. Five 
months after this, however, he complained of antero- 
lateral knee pain. During the exploration we found pro- 
trusion of the fixation wire used to treat the fracture. 
Since complete healing of the patella had been achieved, 
we decided to surgically remove the osteosynthesis ma- 
terial as well as the staple used to fix the reconstruction 
graft on the anteromedial aspect of the tibia. 

The patient has done well so far. He resumed his 
recreational physical activities, especially soccer during 
the weekends and 10 km of mountain cycling daily. 
X-rays showed total patellar healing; the axial projec- 
tion with Merchant’s technique did not show patellar 
displacement and no decrease was observed in joint 




Figure 35.1.1. Lateral view of the transverse patellar frac- 
ture of the right knee. 




Figure 35.1.2. Lateral view after the internal fixation with 
parallel kirschner wires and a figure-8-shaped Association Os- 
teosynthese (AO) wire cerclage of the right knee. 



spaces. Strength of the affected leg is 100% relative to 
the healthy leg as seen during a jump test. 

DISCUSSION 

The bone-patellar tendon-bone autologous graft is very 
popular and is still recognized as the gold standard for 
ACL reconstruction. Some methods and instrumenta- 
tion have been suggested to avoid the complication of 
late patellar fracture. Patellar fracture usually has one 
of the following two configurations: a longitudinal frac- 
ture resulting from the use of an osteotome to remove 
the patellar bone fragment from its bed,^ or a fracture 
that occurs a few months after surgery and is caused by 
a low-energy movement. The preexisting relation be- 
tween a crack and a late fracture has never been re- 
ported. Only 25 cases of fracture have been reported 
as late complications of ACL reconstruction.^ Christen 
and Jakob^ reported six cases with cracks after ACL re- 
construction, five of them arthroscopically and one with 
an open approach. The patellar rupture occurred at the 
moment of harvesting the bone graft at the donor site. 
All cases underwent internal fixation with transverse 
screws and one was treated using nonabsorbable suture 
cerclage, and the remaining three did not require addi- 
tional treatment. Some of the causes of fractures asso- 
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ciated with patellar graft harvesting during ACL recon- 
struction are the inaccurate cuts made with the oscillat- 
ing saw, the misuse of osteotomes, and a patellar graft 
that is too long. Whenever an abnormal cut is detected, 
it should be immediately treated with internal fixation 
and a cancellous graft to avoid delayed healing, and a 
less aggressive rehabilitation program should be fol- 
lowed.^ I once did too deep and too long a cross-sec- 
tional cut. Internal fixation was used with two Kirschner 
pins and an AO wire cerclage. The patient was put in 
the continuous passive mobilizer to prevent a delayed 
ACL reconstruction surgery. The outcome at 5 years 
is good, and no complications of the fracture have 
occurred. 
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Chapter 35.2 



Unusual Complications of Persistent Knee 
Joint Infection Following Arthroscopic 
Anterior Cruciate Ligament Reconstruction 



M. Noda, M. Kurosaka, S. Yoshiya, and K. Mizuno 



A postoperative infection following an arthro- 
scopic procedure is a rare complication. Even if 
it occurs, an acceptable outcome can usually be 
obtained by an appropriate treatment during the acute 
phase. Nevertheless, once an infection persists for a cer- 
tain period, it may cause a chronic impairment of the 
knee. This chapter presents a case of persistent infec- 
tion after anterior cruciate ligament (ACL) reconstruc- 
tion using a prosthetic ligament. This stubborn infection 
resisted repeated debridement and administration of var- 
ious antibiotics. We performed daily intraarticular irri- 
gation with a 10% povidone-iodine solution, resulting in 
a subsidence of the infection. 



CASE REPORT 

A 26-year-old man injured his right knee while partici- 
pating in an American Football game on September 17, 
1989. Arthroscopic ACL reconstruction using the ili- 
otibial band augmented with a polypropylene braid 
[Kennedy ligament augmentation device (LAD): 3M, 
Minneapolis, MN], and repair of the medial collateral 
ligament and medial meniscus were performed in an- 
other hospital on September 29 (Fig. 35.2.1). Four days 
after the surgery, the patient complained of severe knee 
pain with significant swelling and local heat. Body tem- 
perature rose to 39.0°C, and Staphylococcus epider- 
midis was identified by the culture of the superficial 
wound drainage. Antibiotics were administered intra- 
venously to treat the suspected acute postoperative in- 
fection. Despite this treatment, symptoms continued, 
and therefore arthroscopic debridement and continuous 
suction and drainage were initiated at 5 weeks after the 
surgery. Since secretion persisted from the tibial drill 



hole, additional extraarticular debridement in and 
around the exit of the tibial drill hole was performed 
twice. Despite all these procedures, the infection con- 
tinued. Open debridement of the knee joint and removal 
of the Kennedy LAD was conducted at more than 2 
months after the onset of infection. Additionally, ex- 
traarticular debridement around the medial parapatellar 
skin incision and removal of all the hardwares were per- 
formed a week later. The culture of the specimens taken 
at debridement revealed methicillin-resistant Staphylo- 
coccus aureus (MRSA). Since continuous discharge was 
noted with positive culture from the wound at 3 V 2 
months after the initial operation, the patient was re- 
ferred to our institution. 

On our first examination of the patient, the knee was 
found swollen with local heat, and five fistulas were iden- 
tified, one at the superior-lateral, two at the superior- 
medial, and two at the inferior-medial aspects of the 
knee (Fig. 35.2.2). Among them one tibial fistula, lo- 
cated in the center of the tibial exposed bone, appeared 
to directly communicate with the intraarticular space 
through the drill holes made at the time of the recon- 
structive surgery. A plain radiograph showed diffuse pe- 
riarticular bony atrophy, and moderate joint space nar- 
rowing (Fig. 35.2.3). Pneumofistelography revealed the 
fistulas connected to the joint cavity (Fig. 35.2.4). 

Since administration of more than 10 kinds of an- 
tibiotics, such as vancomycin HCL, amikacin sulfate was 
attempted for 3 months without any remarkable sign of 
healing, we decided to perform intraarticular irrigation 
through the fistula with a 10% povidone-iodine solution 
in conjunction with copious saline irrigation. This was 
done twice daily for 10 weeks, and no antibiotics were 
administered during this period. The level of C-reactive 
protein (CRP) and erythrocyte sedimentation rate (ESR) 



466 





35.2: Unusual Complication of Persistent Knee Joint Infection 467 



Antibiotics administration 



I 



Continuous suction&drainage 



03 

Q 



^ 05 

So 
5 > 

05 O 
LU 



Povidone-iodine irrigation 



Infection subsided 
completely on 3/12/90. 



9/30/89 10/10 



10/30 



12/20 



1/30 



Figure 35.2.1. Outline of treatment 
given to the patient. D, debridement; 
LAD, ligament augmentation device. 



decreased from 4.2 to 0.3 mg/dL, and from 149 to 15 
mm/h, respectively. Consequently, the intraarticular in- 
fection subsided and granulation tissue gradually formed 
around the fistulas. All fistulas finally closed completely 
and were covered with the epithelium. 

At 5-year follow-up, there was no sign of recurrent 
infection. Range of knee motion was restricted from 
-10 to 90 degrees, and minimum anterior instability 
was noted with moderate arthrosis. The patient did not 




Figure 35.2.2. Clinical image of the infected knee. Note the 
open wound (arrowheads). One tibial fistula (arrow), located 
in the center of the tibial exposed bone, appeared to directly 
communicate with the intraarticular space through the drill 
holes made at the time of reconstructive surgery. 



complain of pain on level walking, but could not par- 
ticipate in athletic activities. 

DISCUSSION 

Postoperative complications of arthroscopic surgery 
such as effusion, contracture, losing broken instruments, 
and infection were reported in the literature, of which 
infection is the most devastating complication. The re- 



Figure 35.2.3. A plain radiograph revealed diffuse periartic- 
ular bony atrophy and moderate joint space narrowing. 
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Figure 35.2.4. Pneumofistulography through an inferome- 
dial tibial drill hole demonstrated air (arrowheads) at the me- 
dial joint space. 

ported infection rate is as low as 0.1% among all the 
series of arthroscopic procedures including diagnostic 
arthroscopy.^ Several factors are recognized as engen- 
dering infections, such as intraarticular steroid injections, 
long operation time, the usage of prosthetic materials, 
and combined procedures.^’^ The infection rate signifi- 
cantly increases to 0.5% to 2.7% among ACL recon- 
structive procedures with prosthetic ligaments. 

There have been nine cases of postoperative infec- 
tion of ACL reconstruction detailed in the English-lan- 
guage literature to the best of our knowledge.^’^^’^^ 
These patients showed slightly limited range of motion, 
and six patients were reported to have minimal to neg- 
ligible pain in daily activities. 

TREATMENT OF PRIMARY INFECTION 

If infection cannot be controlled in the acute phase, it 
is generally recommended to remove the prosthetic lig- 
ament together with intraarticular debridement. In pre- 
vious reports, more than 70% of the cases required re- 
moval of prosthetic ligaments. As long as an 
artificial ligament is retained in the infected joint, it may 
work as a focus for the infection. Moreover, thorough 
removal of infected and necrotic tissue from the bony 
tunnel is technically demanding. The longer the articu- 
lar cartilage is exposed to the leukocytic fibrinoid tissue, 
the more a destructive change results. Therefore, sur- 
geons should be decisive in removing prosthetic mate- 
rials when an infection cannot be controlled. Also, ex- 
traarticular debridement including removal of all the 
hardwares should be done earlier when extraarticular in- 
fection is suspected. Postoperative infection with ACL 



reconstruction can develop extraarticularly, since Bar- 
rett and Field suggested that presence of the LAD 
could act in a “wick effect,” indicating that superficial 
infection could spread intraarticularly through the bony 
tunnel. To detect extraarticular puruloid accumulation 
in the early phase, a careful physical examination is 
mandatory. Williams et aF also reported that magnetic 
resonance imaging is useful to visualize extraarticular 
fluid collection. We conclude that, in this case, extraar- 
ticular infection could have influenced subsequent heal- 
ing, as thorough debridement of this spot was not done 
for 3 months. 

Intraarticular irrigation with a 10% povidone-iodine 
solution was selected to treat the persistent infection in 
our case. Povidone-iodine was reported to be an ex- 
tremely potent microbicidal agent, even against MRSA, 
although it is not generally recommended for use with 
intraarticular infections. This solution can be harm- 
ful to synovial tissue and the articular cartilage as welF^; 
thus, the degeneration and destruction of intraarticular 
tissue are inevitable. Since previous debridement had 
been conducted five times and high-dose administration 
of different antibiotics did not result in an infection-free 
joint, we selected this treatment at the risk of joint de- 
generation. 

At the 5-year follow-up, there was a moderate ar- 
throsis noted, with limited range of motion. However, 
the infection had subsided completely. Since the patient 
was only 31 years old at follow-up, some future deteri- 
oration of joint function will be unavoidable. However, 
we believe that his knee function is as good as could 
possibly be obtained considering the previous tenacious 
infection. 

CONCLUSION 

This chapter described an unusual case in which a per- 
sistent knee infection occurred after an arthroscopic an- 
terior cruciate ligament reconstruction. After removal of 
the prosthetic ligament, the infection was brought un- 
der control by intraarticular irrigation with 10% povi- 
done-iodine solution. 
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Chapter 35.3 



Malunion of Tibial Spine Avulsion 
OF THE Anterior Cruciate Ligament 
Causing a Block to Extension 



Ponky Firer 



A vulsion fractures of the anterior cruciate liga- 
ment’s attachment to the tibial plateau including 
the spines is a recognized injury in the imma- 
ture skeleton. Recommended forms of treatment include 
closed reduction and immobilization in full exten- 
sion^’^ — the fracture being held in place by the femoral 
condylar contact in this position — or open reduction and 
internal fixation. As most fractures are immobilized 
in full extension after reduction, a fixed flexion defor- 
mity is a rare but described complication of malunion. 

CASE REPORT 

An llVz-year-old girl fell off a skateboard, injuring the 
left knee (November 1996). Despite suitable x-rays (Fig. 
35.3.1) and a hemarthrosis being drained, diagnosis of 
a type III avulsion fracture^ was missed. She was sent 
for physiotherapy, but because of lack of extension, 
which persisted 2 V 2 months after her injury, the phys- 
iotherapist referred her back to her doctor and she was 
ultimately referred to an orthopedic surgeon. The cor- 
rect diagnosis was made, and she had an open surgical 
procedure through an anteromedial arthrotomy (Febru- 
ary 1997). Operative notes obtained from the surgeon 
state that the “cavity from which the avulsion had come 
was curetted and the fragment replaced into position, 
and fixed with a screw inserted from anteriorly, just prox- 
imal to the growth plate.” She was immobilized in a cast 
for 6 weeks, but no mention was made in the notes 
about the status of her extension, or the position of the 
knee in the cast. Further physiotherapy followed re- 
moval of the cast. Postoperative x-rays showed that the 
fracture was still not adequately reduced (Fig. 35.3.2). 
The patient was referred to the author 11 months 



following the initial injury (October 1997), as her par- 
ents were concerned about her gait, lack of extension, 
and especially the future of the knee if it was left as it 
was. The patient hardly experienced any pain, there be- 
ing only slight discomfort anteromedially when at- 
tempting full extension. She had noticed this at phys- 
iotherapy after the operation. 

Her examination confirmed a fixed flexion deformity. 
On the uninjured right knee she hyperextended to 8 de- 
grees, and on the injured left knee she had a 10-degree 
fixed flexion deformity, i.e., there was a side-to-side 
deficit of 18 degrees. Her prone heel height difference 
was 110 mm. There was a 5-degree loss of flexion on 
the injured left side. Her patella mobility was only slightly 
decreased compared to the right knee when tested with 
both knees equally flexed. The Lachman test revealed 
a 4- to 5-mm difference, with the left knee being greater 
than the right. A KT-1000 test was not done. 

The rest of the knee examination was entirely nor- 
mal, there being no other ligamentous laxity and no sign 
of meniscal injury. The only tender area was along the 
anteromedial joint space and a solid-feeling block to 
extension was obtained when attempting to extend 
the knee. Computed tomography (CT) scan showed the 
united avulsed fragment still to be impinging on the 
femoral condyle (Fig. 35.3.3). The previously inserted 
screw was also noted. 

Corrective surgery was carried out at the beginning 
of November 1997. Arthroscopy was carried out to con- 
firm the impingement (Fig. 35.3.4A) and to ensure there 
were no further intraarticular problems, which there 
weren’t. A “kiss lesion” causing damage (Fig. 35.3.4B) 
was seen on the lateral femoral condyle. 

Through the old anteromedial incision the screw was 
removed. The area of the avulsion was osteotomized in 
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Figure 35.3.1. X-ray taken after initial injury. Avulsed type 
III fragment readily seen (November 1996). 




Figure 35.3.3. A: On computed tomography (CT) scan, an- 
teroposterior (AP) reconstruction showed impingement of 
fragment. B: Lateral reconstruction showed impingement of 
fragment. 



with the edges of the articular cartilage surfaces flush 
a cube-shaped block, keeping a 7- to 8-mm thickness plateau. With this in place the knee 

of underlying cancellous bone attached to the articular could be extended an extra 10 to 15 degrees (from an 

fragment and its attached anterior cruciate ligament. 18-degree deficit). Gentle manipulation allowed the knee 

The bed from which the block had been removed was regain full extension. 

then deepened with a small burr and curettes until the block was held in its bed by a no. 2 nonab- 

block countersunk into its normal anatomic position, sorbable suture passed through 1.5-mm drill holes from 




Figure 35.3.2. Postoperative x-ray after initial reduction and 
fixation. Fragment nail positioned (February 1997) 



Figure 35.3.4. A: Arthroscopic view of impinging fragment. 
B: Kiss lesion on lateral femoral condyle. 
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Figure 35.3.5. Postoperative x-ray showing reduced frag- 
ment and full extension in cast (November 1997). 



below (adjacent to the tibial tubercle); sutures were tied 
over a button on the anterior cortex of the tibia. After 
closure the knee was immobilized in maximum exten- 
sion in a plaster cast. X-rays showed reduction of the 
fragment (Fig. 35.3.5). The cast was removed at 6 
weeks, and the knee was at full hyperextension equal 
to the other knee. The patient, however, missed phys- 
iotherapy follow-up for 2 of the subsequent 4 weeks 
and regressed to a 5-degree lack of full hyperextension. 
After further physiotherapy she has progressed to a 
15-mm heel height difference, i.e., 2-degree lack of full 
hyperextension. 



that the anterior cruciate ligament undergoes some plas- 
tic deformation under load before the failure occurs at 
the bony insertion, pulling up the block off the tibial 
plateau. Laxity has occurred even with perfect anatomic 
reduction. 

The surgery in this case was not difficult but required 
meticulous dissection of the fragment and a large- 
enough block needed to be taken to ensure fixation in 
a good base of bone for healing. 

It is essential, whether treating this condition con- 
servatively or by open reduction, that full extension is 
achieved. 

CONCLUSIONS 

The lessons learned from this case are the following: 

1. X-rays must be carefully studied if a hemarthrosis is 
found. 

2. Fat should be specifically looked for after drainage 
of a hemarthrosis — and will always be found in avul- 
sion fractures. 

3. A positive Lachman test would have been found, if 
conducted, leading to suspicion of an anterior cruci- 
ate ligament or anterior cruciate ligament avulsion 
injury in this age group. 

4. Any knee that is not improving its loss of extension 
within 2 weeks of treatment must be reassessed by 
a specialist. 

This rare complication of loss of extension due to a 
malunited avulsion fracture has been successfully treated 
by osteotomy and refixation in a normal position. 
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Chapter 35.4 



Arthroscopic Anterior Cruciate Ligament 
Reconstruction Using a Bone-Tendon~Bone 
Patellar Ligament Graft: Complications 
OF Femoral Press~Fit Anchoring 



Harald Boszotta 



T hough commonly used for fixation of the bone- 
tendon-bone (BTB) graft in anterior cruciate lig- 
ament (ACL) reconstruction, interference screw 
fixation may be associated with considerable complica- 
tions, so that press-fit anchoring has been suggested as 
a suitable alternative.^'^ The press-fit technique em- 
ployed in our department is based on the use of an os- 
cillating hollow saw, allowing for the standardized re- 
moval of a BTB graft with cylindrical bone blocks. On 
account of their cylindrical shape and the specific 
transtibial endoscopic technique used, these bone blocks 
provide for optimal press-fit anchoring with excellent 
primary stability. This chapter describes the particular 
complications encountered with arthroscopic femoral 
press-fit anchoring and discusses methods for standard- 
izing procedures and avoiding such complications. 

CASE REPORTS 
Case 1 

Six months after sustaining a trauma, a 20-year old pa- 
tient undergoes surgery for an ACL-deficient knee. The 
procedure is performed under general anesthesia and 
application of a pneumatic tourniquet. Following ar- 
throscopic debridement, the tibial tunnel is placed as 
usual using a 9.5-mm oscillating hollow drill. With the 
knee flexed approximately 90 degrees, the femoral tun- 
nel is drilled in the transtibial technique using an 8-mm 
hand reamer over a 2-mm guidewire. Next, the graft is 



harvested with an 8.4-mm oscillating hollow saw. The 
graft is removed together with two cylindrical bone 
blocks (diameter 8.4 mm), introduced into the joint us- 
ing a stay suture, and the patellar bone block is plugged 
into the femoral tunnel under arthroscopic vision. Ex- 
cessive intraoperative resistance to plugging results in 
fracture of the bone block, which is discovered in the 
intraoperative radiograph (Fig. 35.4.1). Insufficient an- 
chorage necessitates the additional use of an interfer- 
ence screw after reversal of the graft. The screw is in- 
troduced from the anteromedial direction after removal 
of one-half of the bone block. 

Case 2 

Two years after sustaining a trauma, a 32-year-old 
woman undergoes ACL reconstruction for instability 
problems. Following extensive debridement and visual- 
ization of the cruciate ligament insertions, the tibial tun- 
nel is drilled using an oscillating hollow saw. The femoral 
tunnel, placed as far dorsal as possible, is drilled in 
transtibial technique. Following harvest of the graft to- 
gether with two cylindrical bone blocks by means of the 
hollow saw, the BTB graft is introduced and the patel- 
lar bone block is plugged into the femoral tunnel under 
arthroscopic vision. Intraoperatively, no problems are 
encountered. With the knee flexed approximately 15 
degrees, the graft is finally fixed under adequate tension 
over a medial screw head on the femur head. Intraop- 
erative arthroscopic evaluation revealed no problems, 
with the patellar ligament graft showing the usual posi- 
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Figure 35.4.1. Block fracture due to difficulties in plugging. 



tion and adequate tension. However, the intraoperative 
radiograph revealed dorsal canting of the femoral bone 
block into the popliteal space, requiring a revision of 
the femoral anchorage from the lateral over-the-top po- 
sition to ensure sufficiently load-stable anchoring (Figs. 
35.4.2 and 35.4.3). 

DISCUSSION 

Stable and secure graft fixation is of special importance, 
in particular with regard to early postoperative functional 




Figure 35.4.2. Dorsal canting of bone block. 



Figure 35.4.3. Postoperative radiographs after over-the-top 
fixation. 

rehabilitation. High primary stability and safe healing of 
the graft must be ensured. However, the commonly used 
method of interference screw fixation has been associ- 
ated with a large number of possible complications in- 
cluding graft damage upon screw insertion, secondary 
damage due to misplacement or graft protrusion, bone 
block fragmentation, breaking of the femoral cortical 
bone, delayed healing and screw divergence with re- 
duced pullout strength. 

In their articles, McGuire et al^ and Bush et aP dis- 
cuss the importance of tibial tunnel positioning for the 
placement of the femoral tunnel in endoscopic transtib- 
ial technique. The same also applies for the arthroscopic 
femoral press-fit technique. Adequate flexion of ap- 
proximately 90 degrees is an essential prerequisite for 
the placement of both the tibial and femoral tunnel. This 
will not only ensure a virtually rectangular bone block/ 
ligament angulation in terminal extension, but also avoid 
damage to the dorsal cortical femur. While such flexion 
appears to be ideal for femoral press-fit anchoring, in- 
creasing knee flexion may be associated with problems 
upon insertion of interference screws. 

Three possible primary complications may be identi- 
fied in the use of arthroscopic femoral press-fit tech- 
nique: 

1. problems upon insertion of the femoral bone block, 

2. insufficient anchorage due to inadequate bone block/ 

ligament angulation, 

3. insufficient anchorage as a result of a trough-shaped 

tunnel at the condylar roof of the femur. 

Problem 1 can be avoided by using a template allowing 
for adequate preparation of the patellar bone block prior 
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Figure 35.4.4. Template for standardized preparation of the 
patellar bone block. 



to introduction into the knee joint, so that half of the 
trimmed bone block slides into the femoral tunnel by 
the pull of the stay sutures (Fig. 35.4.4). Thus, the end 
of the bone block may be plugged in under arthroscopic 
vision without any associated risk of canting or fracture. 
Use of an excessively long bone block must be avoided 
and bone quality should be adequately considered when 
preparing the bone block. 

Distal-end fissures of the inserted bone block associ- 
ated with reduced pullout strength may be experienced 
if plugging proves difficult. In addition, bone block/lig- 
ament angulation is critical for femoral press-fit an- 
choring and should be 60 to 90 degrees in terminal ex- 
tension, which can be achieved by adequate knee flexion 
when placing the femoral tunnel. Ideally, the procedure 
should be performed at 90-degree knee flexion, ensur- 
ing a 90-degree polylactic acid (PLA) in terminal ex- 
tension. 



The problem of an excessively dorsal placement of 
the femoral tunnel may be encountered with any en- 
doscopic technique and may be avoided by sufficient 
flexion and use of transtibial target drill units serving as 
guidance for the central guidewire of the cannulated 
reamer. Prior to final placement, an impression on 
the dorsolateral condyle roof may be placed to verify 
adequate positioning. Considering the methods for 
standardizing surgical procedures discussed above, 
arthroscopic femoral press-fit technique provides an 
adequate, low-risk alternative to interference screw 
fixation. 



CONCLUSION 

During a period of 6 years (1992-1997) 528 arthro- 
scopic anterior cruciate ligament (ACL) reconstructions 
using patellar ligament grafts in press-fit technique were 
performed. Block fracture consequent to difficulties in 
plugging, canting of the bone block in intercondylar 
space, dorsal canting into the popliteal space due to ex- 
cessively dorsal placement of the femoral tunnel, as well 
as insufficient anchorage due to excessively flat plug/ 
ligament angulation were encountered in seven of these 
cases (1.3%) and constitute the specific complications 
of femoral press-fit anchoring. Methods for standardiz- 
ing techniques and avoiding such complications were 
described. 
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Chapter 35.5 



Complications in Anterior Cruciate 
Ligament Reconstructive Surgery 



Giancarlo Puddu and Vittorio Franco 



T his chapter presents two case reports that we ob- 
served in the past few years. They are both pa- 
tients operated on for anterior cruciate ligament 
(ACL) reconstruction. The first case is a patient who had 
a difficult postoperative recovery because of a painful 
articular “click” localized at the superomedial pole of the 
patella, which often occurred during recurrent swellings. 
After a long series of arthrocentesis and delayed thera- 
peutic decisions, only a second-look arthroscopic iden- 
tified the cause and solved the problem. 

The second case is an unlucky chain of events from 
a routine ACL reconstruction to a functional disaster of 
the knee joint. The wrong timing of surgery probably 
was the main reason why a malign infrapatellar con- 
tracture syndrome developed and engendered its worst 
consequences. Of these two patients, only the first un- 
derwent the index surgical procedure in our hospital. 
The second came to us after she had been operated on 
for ACL reconstruction, and reoperated with a salvage 
procedure by the same surgeon, in another hospital. 

In the past 30 years the reconstruction of ACL- 
deficient knees, at the beginning an open procedure and 
then arthroscopically assisted, has become the most 
popular operation in knee surgery and probably in op- 
erative sports medicine. It’s not surprising that many ar- 
ticles in the orthopedic literature focus on this subject, 
including the basic science and biomechanics, propos- 
als for new surgical techniques, and accelerated proto- 
cols of rehabilitation. However, several possible surgical 
complications have been reported, including arthrofi- 
brosis,^ reflex sympathetic dystrophy, deep vein throm- 
bosis,^ loss of motion,^ septic arthritis, osteomyelitis, 
graft failure, patellar tendon rupture,^ patellar sub- 
luxation,^ intraoperative and postoperative patellar frac- 
ture,^ popliteal artery laceration, saphenous nerve in- 



jury, patellar tendinitis, intraarticular placement of bone 
plug, bone plug nonunion, interference screw damage 
of graft, and supracondylar femoral fracture. 

CASE REPORT 1: INTRAARTICULAR 
FEMOROPATELLAR PAINFUL CLICK 
AFTER ACL RECONSTRUCTION 

A 38-year-old man had a ski accident and ruptured the 
ACL of his right knee in March 1996. The patient, af- 
ter diagnosis of the complete ligament tear, was sub- 
mitted to a preoperative protocol of rehabilitation. Dur- 
ing the following 3 weeks he performed the physical 
therapy assisted by a therapist, including isometric ex- 
ercises, range of motion (ROM) exercises, closed kinetic 
chain exercises, massages, and antiinflammatory appli- 
cations.^ The day of surgery (April 2, 1996) he arrived 
at the operation in good physical condition, with nor- 
motrophic and normotonic quadriceps and full ROM 
without intraarticular swelling. 

The operation, arthroscopically aided, was performed 
by the senior author. It consisted of the reconstruc- 
tion of the torn ligament by means of one-third bone- 
patellar tendon-bone autograft. The femoral tunnel was 
drilled with outside-inside technique and the graft fixa- 
tion was accomplished by interference screwing. No ad- 
ditional surgery needed. 

The early postoperative period was normal. We have 
been following the same rehabilitation program since 
the beginning of the 1990s.^ The patient starts with 
continuous passive motion (CPM) from the first post- 
operative day and normally reaches 90 degrees of flex- 
ion at the 5th day and 120 degrees at the end of the 
2nd week.^ 
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Isometric quadriceps sets varying the degrees of hip 
and knee flexion (since 1994 assisted by a muscular 
biofeedback device^^) combined with partial weight- 
bearing walking exercises represent the core of the 
muscle rehabilitation program during the first 15 post- 
operative days. Compared with the average ROM, the 
patient showed, from the beginning, a slowdown trend; 
at the end of the first month he was able to bend the 
knee up to 110 degrees only. Since the first days, when 
CPM started to flex the knee, he felt an internal painful 
“click,” probably referable to the patellofemoral joint in 
correspondence to the superomedial pole of the patella. 
Moreover he had a swollen knee for a long time after 
the operation despite the three arthrocenteses that we 
did to evacuate the synovial fluid in the first 2 months. 

In July, 3 months after the operation, the patient had 
a stable but swollen and painful knee, and the ROM was 
fully regained. He especially complained of the pain in 
climbing or descending stairs and because his knee 
started to swell as soon as he tried to perform physical 
work or exercise. The pain seemed to be positively in- 
fluenced by the presence of the intraarticular swelling. 
When he rested from physical efforts, some days con- 
tinuously, the joint was able to resume its normal pro- 
portions, producing a sharp increase of the anterior 
knee pain. 

At the physical examination it was possible to pal- 
pate a sort of “click” at the superomedial pole of the 
patella while the patient started to flex the knee; the fin- 
gering of the proximal edge of the patella while the click 
was produced resulted in the patient feeling pain. Mag- 
netic resonance imaging (MRI) examination showed the 
neoligament with a normal signal, well recognizable for 
the whole intraarticular length. The femoral and tibial 
attachments appeared isometrically compatible, and 
there were no signs of intercondylar impingement and 
no hypertrophic tissue with the characteristics of the Cy- 
clops syndrome was present. The menisci and the ar- 
ticular surfaces were normal. The radiologist pointed out 
the presence of a cartilaginous flap rising from the me- 
dial side of the trochlea (Fig. 35.5.1). That flap could 
be related to the painful click we palpated during the 
physical examination. 

The patient was prepared for a second-look arthro- 
scopic, which we performed at the end of July. We as- 
sessed the reconstructed ligament, which looked fine; 
the menisci were intact and the articular surfaces, too, 
but the lateral facet of the patella presented a superfi- 
cial lesion of the cartilage. That lesion corresponded to 
a synovial adhesion (type A of the Perugia-Mariani clas- 
sification^^) that looked like a plica that originated from 
the lateral capsule and inserted medially to the trochlea 
(Fig. 35.5.2). 

This never-before-seen structure was the only abnor- 




Figure 35.5.1 . Magnetic resonance imaging (MRI) scan of the 
patellofemoral joint. The black arrow points to the cartilagi- 
nous flap rising from the medial side of the trochlea. 

mal finding. We couldn’t demonstrate a conflict between 
the patella and the plica during the knee flexion. Prob- 
ably the liquid irrigation of the joint, which distended 
the capsule, prevented the contact and the articular click. 
We excised the plica with the shaver and ended the ar- 
throscopic examination. An articular suction drainage 
was left in place for 24 hours. 

In the postoperative period the patient had a swollen 
knee for about 2 weeks. The swelling slowly subsided 
and he recovered quickly the normal ROM. At the last 
follow-up, just before Christmas, he had regained his 
normal muscular ability, the operated knee was dry, and 
he had a full active ROM. The painful click disappeared. 




Figure 35.5.2. Arthroscopic look of the synovial adhesion as 
it originates from the medial capsula and inserts medially on 
the trochlea. 
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Discussion 

Compared with other cases complicated by a difficult 
postoperative recovery, this reconstructed knee had a 
peculiar behavior different from all the rest in our ex- 
perience. The problem seemed to be the articular 
swelling combined with the consequent inability to im- 
prove the ROM according to our rehabilitation proto- 
col, but what mainly disturbed the patient was the painful 
click he felt each time he started to flex the knee. His 
discomfort was paradoxally reduced by the intraarticu- 
lar distention; the more swollen the knee, the less evi- 
dence of a painful click. This is now easily explained by 
an obvious consideration: the pain originated in a con- 
flict between the patella and the strange synovial plica 
at the first degrees of flexion; the synovial fluid present 
in the swollen knee increased the distance between the 
floating patella and the trochlea, preventing any con- 
tact, any mechanical click, and, consequently, any pain. 
The secondary arthroscopy with the excision of the ab- 
normal plica solved the problem. 

Conclusion 

It is difficult to say whether the plica was already pres- 
ent at the first operation or was a consequence of it. 
We don’t know if a more accurate examination of the 
patellofemoral joint would have made it possible to avoid 
the postoperative troubles, but this experience taught us 
to take seriously any complaint of the patient, especially 
when there is a correspondence between what is sub- 
jective and what is objective. In this case we could prob- 
ably have performed the second arthroscopy two 
months earlier with real benefit to the patient. 

CASE REPORT 2: HOW INCORRECT 
TIMING OF SURGERY CAN TRANSFORM 
A ROUTINE ACL RECONSTRUCTION 
INTO A FUNCTIONAL DISASTER 

The second patient, a 17-year-old girl, had a knee sprain 
because of a fall while skiing on February 26, 1991. 
Many specialists examined her in the first 2 weeks af- 
ter the trauma without finding a ligamentous lesion. The 
last specialist diagnosed a complete ACL tear and rec- 
ommended surgical reconstruction. Although 6 weeks 
went by after the trauma before she was admitted to 
the hospital for surgery, no rehabilitation program was 
prescribed for her.^^ The result was that the girl arrived 
in the operating room with a stiff joint (ROM between 
30 and 90 degrees of flexion). On April 12, she was 
operated on for ACL reconstruction with a bone- 
patellar tendon-bone autograft performed arthroscopi- 
cally. The femoral tunnel was drilled from outside-inside. 



The ACL tear was isolated and no additional surgery re- 
quired. After the operation the knee was protected by 
a femorotibial brace locked at 30 degrees of flexion. No 
motion was allowed until the 15th postoperative day. 

When CPM was started, the joint looked swollen and 
painful. At the same time, the patient underwent a very 
aggressive physical rehabilitation. The next 4 months 
her knee was passively forced to extend and flex not 
less than 5 hours every day. There was a clear delay 
compared with the average ROM values. The patient 
was not able to go over 30 to 90 degrees of flexion. 
The CPM device was abandoned after 6 weeks, and 
only passive, aggressive, ROM exercises manually as- 
sisted by the therapist were prescribed. She was allowed 
to do partial weight-bearing walking 20 days after the 
operation and to walk without crutches after another 20 
days. She could only limp and was in pain in the stance 
phase of the gait. 

Because of the unacceptable result, her physician, 
who had performed the reconstruction, decided to im- 
prove the ROM with a closed manipulation under gen- 
eral anesthesia. On August 30 the surgeon attempted 
to improve the range of motion by forcing both the ex- 
tension and the flexion, but, because extension was 
judged to be the main problem, the knee was immobi- 
lized in an extension cast for 15 days. Immediately af- 
ter the operation, the limit of the maximum extension 
had been moved up to 10 degrees from the full exten- 
sion. One week later they attempted to fully extend the 
knee by cutting and extending the plaster, and were able 
to force the knee to once more reach the target of 0 
degrees (full extension). But this further increased the 
suffering of the patient, weakening her capacity to con- 
tribute to the recovery. When she returned for cast re- 
moval to the outpatient clinic, the cast was precut and 
when she was again in physical therapy it was removed. 
The knee was still flexed about 30 degrees, exactly the 
same as before manipulation, and swollen as it had al- 
ways been, starting from the operation, but what now 
worried the therapist was the new abnormal swelling in 
the posterolateral aspect of the distal two-thirds of the 
thigh. This swelling had the look and all the character- 
istics of a huge hematoma, and it hurt the patient with 
a sharp unbearable pain. 

Three days later she was admitted to the hospital. 
The intention of the physician was to evacuate the 
hematoma by means of a small incision, but the dam- 
age was found to be much more serious than what had 
been believed. An uncontrollable hemorrhage obliged 
him to do an emergency operation. From an extended 
posterolateral approach the surgeon explored the an- 
terolateral and posterolateral compartments of the 
thigh, where he found significant muscular damage in- 
volving both the gastrocnemius at the femoral origin and 
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the biceps femoris with a subtotal lesion. The posterior 
articular capsule was torn, too. The hematoma was evac- 
uated and the hemorrhage halted; the muscular and the 
capsular damage was left unrepaired because of the risk 
of scarring retraction. After the operation the knee was 
again immobilized with a femorotibial cast in extension. 

The patient remained in the hospital because of her 
poor general condition. She needed blood transfusions 
and medical therapy. For the first 15 postoperative days 
no physical therapy was administered, and only after 
this time was she able to start with very mild general 
exercises. She left the hospital after 30 days without a 
cast. Unluckily, the ROM was worsened by the cast up 
to joint mobility of only few degrees (between 15 and 
30 degrees of flexion). The partial progress of the ex- 
tension deficit from 30 to 15 degrees had provided hope 
that an acceptable result with the physical therapy was 
still possible. She started again with CPM, and again 
she dedicated many hours a day to the assisted reha- 
bilitation. Her situation didn’t change during the fol- 
lowing year, and the patient arrived at our clinic at 
the end of October 1992. At the physical examination 
the knee showed a 15-degree extension deficit. The ac- 
tive ROM was between 15 and 25 degrees. A severe 
quadriceps atrophy was associated with a significant an- 
talgic gait. The patellar mobility was reduced. We ob- 
served a significant loss of superoinferior (passive and 
active) patellar glide, associated with the complete ab- 
sence of passive patellar tilt. On the x-rays there was 
evidence of severe femorotibial and patellofemoral chon- 
dral damage (Fig. 35.5.3). The lateral view showed a 
shortened patellar tendon with obvious patella infera 
(Fig. 35.5.4). 




Figure 35.5.3. On this anteroposterior (AP) view severe 
chondral damages of the femorotibial surfaces are evident. 
The comparison with the healthy knee makes the picture still 
more dramatic. 




Figure 35.5.4. The lateral view shows a shortened patellar 
tendon with obvious patella infera. 



The patient underwent her third operation on No- 
vember 3, 1992. The operation, performed by the se- 
nior author, consisted of the following steps: 

1. extended longitudinal skin incision and large medial 
parapatellar access to the joint; 

2. lateral release of the patellofemoral retinacular; 

3. arthrolysis with debridement of all adhesions that 
were between the articular surfaces of the patello- 
femoral joint or that obliterated the entire supra- 
patellar pouch and the medial and lateral recess 
(Fig. 35.5.5); 

4. subtotal excision of the sclerotic fat pad; 

5. debridement of all intercartilaginous adhesions in the 
femorotibial compartment; 

6. extraarticular release of all femoral metaphysis from 
the surrounding soft tissues with particular attention 
to the lateral and posterolateral side of the bone, 
where we recognized the effects of the previous sal- 
vage procedure; at this point of the operation the 
knee had gained 90 degrees of flexion, and the ex- 
tension deficit was reduced to 10 degrees; 

7. osteotomy of the tibial tuberosity with the tendon at- 
tachment; 

8. removal of the remnant of the reconstructed- ACL 
and consequent notchplasty; 
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Figure 35.5.5. The fibrotic tissue filled with tenacious adhe- 
sions of all the joint recesses. No articular surface has been 
spared by widespread lesions of the cartilage. 

9. proximal reposition of the tuberosity, about 1.5 cm 

higher (Fig. 35.5.6). 

At the end of the operation the ROM increased from 
less than 5 degrees to 130 degrees. The result was very 
satisfactory, but the chondral damage remained. The pa- 
tient started, immediately after the operation, with a 
CPM device (Toronto Mobilimb) from -10 to 120 de- 
grees ROM for 16 to 18 hours per day. She had con- 




Figure 35.5.6. The restored patellar height on the postoper- 
ative x-rays. 



tinuous analgesic infusion from a peridural catheter left 
in situ for 7 days. During the 6 to 8 hours a day free 
from the passive motion, we tried to preserve the ex- 
tension, forcing the knee by means of a dropout cast 
slightly modified from that presented by Paulos et al.^^ 
Nonaggressive physical therapy completed the thera- 
peutic postoperative program beginning on the second 
day. The therapist came twice a day, focusing on im- 
proving the active ROM and the muscular control of the 
limb. 

The patient started partial weight bearing while walk- 
ing almost immediately, and she reached full weight 
bearing after the first postoperative month. We closely 
followed the patient during the first year after the op- 
eration, and then at least once a year thereafter. When 
the stitches were removed after 2 weeks, the ROM had 
already increased to 90 degrees. In the following 3 
months we recorded a slight worsening of the exten- 
sion. After the 6th postoperative month a very slow in- 
crease in flexion started, reaching a maximum of 100 
degrees. One year after the operation, the patient was 
able to walk without limping, to climb or descend stairs, 
and to sit down normally. The ROM was stabilized at 
10 to 100 degrees. 

We evaluated the long-term results 2 years later. We 
used the knee ligament standard evaluation form from 
the IKDC (International Knee Documentation Commit- 
tee).^^ The patient’s subjective assessment was the best 
grade (A = normal); all the objective results were in the 
two lowest grades (C and D = abnormal and severely 
abnormal). We classified a very good subjective result in 
the poor category. Three years later we reevaluated the 
patient. This time the subjective assessment was “ab- 
normal,” and the others remained the same. The x-ray 
examination showed an evident increase in chondral 
damages, and further narrowing of both the patello- 
femoral and femorotibial joints, giving the impression of 
a condemned knee (Fig. 35.5.7). 

Discussion 

It’s hard to say where the first error was in this case and 
how it influenced the outcome. But we identify the un- 
recognized infrapatellar contracture syndrome (IPCS) as 
the first error, which made operating on a knee with a 
ROM of only 30 to 90 degrees of flexion even less ap- 
propriate, because the surgeon had waited for about 6 
weeks from the time of the trauma. The postoperative 
program of rehabilitation, compared with present pro- 
grams, ^^5 vvaited too long after the operation before 
beginning. Nowadays no surgeon would wait for 2 
weeks before starting with CPM, and no surgeon would 
leave a reconstructed knee immobilized at 30 degrees 
of flexion. 
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Figure 35.5.7. The joint condition in the x-rays 5 years after 
the last procedure; (A) 45-degree posteroanterior flexion weight- 
bearing view. (Used, with permission, from Rosenberg TD, Paulos 
LE, Parker RD, et al. The forty-five degree posteroanterior flexion 
weight-bearing radiograph of the knee. Journal of Bone and Joint 
Surgery 1988; 70A: 1 479-1 483.) (B) lateral view, (C) axial view. 



During the operation, after the ACL reconstruction, 
could the knee be passively fully extended? The exten- 
sion deficit had always been the major problem and we 
cannot know whether this problem would have re- 
mained even if the knee had been moved immediately. 

According to Paulos et al,^^’^^ treatment recom- 
mendations include aggressive rehabilitation, antiin- 
flammatory medications, and transcutaneous electrical 
nerve stimulation (TENS) or other antalgic physical ap- 
plications. Then the patient goes on to the second ac- 
tive stage of IPCS, and it is mandatory to discontinue 
continuous manual manipulation, forced passive motion, 
or traction, because all these maneuvers cause recurrent 
inflammation and pain, thus worsening the disease 
process at this stage. They did not understand in time 
that a malign IPCS was occurring in the operated knee. 
The rest of the history was a consequence of that fact. 
The patient continued daily with 5 hours or more of ag- 
gressive physical therapy, passing through an inoppor- 
tune forced closed manipulation with disastrous conse- 



quences and the relative salvage procedure 3 weeks 
later. 

Not even after this second operation was the pro- 
gram changed, as the intensive sessions of physical ther- 
apy started again and went on for another year. When 
we visited the patient for the first time she was out of 
the active stage of the IPCS. But the intensive therapy 
she underwent for the past year put her knee in a sub- 
acute condition, to the point that the physical exami- 
nation corresponded in many respects to an acute in- 
flamed joint. The knee was swollen and very painful, 
and no residual patellar mobility remained in either the 
superior-inferior or medial-lateral directions. The pres- 
ence of an abrupt step-off at the distal attachment of 
the patellar tendon to the tibial tubercle resembled the 
“shelf sign” descripted by Paulos et al.^^ 

At the operation we couldn’t perform only a salvage 
procedure, such as the proximal transposition of the tib- 
ial tubercle attachment, which was absolutely essential; 
we also tried to restore as much as possible the joint 
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function and the articular congruence of the knee. We 
were unable to obtain a satisfactory result. This was ev- 
ident from the beginning, during the operation and im- 
mediately after. The IKDC form confirms those early 
impressions. The last x-ray examination has the same 
adverse prognostic value (Fig. 35.5.7). Nevertheless 
the patient leads a normal life, except for no sports 
activities. 

Conclusion 

The correct timing of ACL reconstruction is crucial. 
IPCS can always occur with a patellar tendon graft. To 
be unprepared to recognize its signs makes this syn- 
drome disastrous for knee function. In the presented 
case we’ll never know if a timely performed intraartic- 
ular and extraarticular debridement and release would 
have been able to avoid the problem, but we can be 
sure that a correct diagnosis at the correct time would 
have prevented the unwise manipulation to force the 
knee and most of the articular disaster. 
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Chapter 35.6 



Tendinitis/Granuloma Postcentral 
Patellar Tendon Arthroscopy Approach 



C.N. Van Dijk and R.K. Marti 



CASE REPORT 

A professional soccer player presented with chronic pain 
located over the patellar ligament of his left knee. There 
was no swelling and no joint effusion. Pain on palpa- 
tion was located over the full length of the patellar lig- 
ament with the maximum point of tenderness located 
at its tibial insertion. Standard x-rays did not reveal 
pathology. 

Treatment consisted of physiotherapy. After initial re- 
covery, recurrence of sharp pain made return to com- 
petitive play impossible. Magnetic resonance imaging 
(MRI) was performed, which demonstrated a longitudi- 
nal segment of the patellar tendon that contained more 
water than the surrounding normal patella tissue (Fig. 
35.6.1). An injection at the side of maximum tender- 
ness was performed. After a prolonged period of rest. 



the player returned to competitive play, but sharp pain 
returned. A new MRI in the transverse direction again 
demonstrated a central segment in the patellar tendon 
over its full length (Fig. 35.6.2). The diagnosis again 
was a local tendinitis of the patellar tendon. A prolonged 
period of physiotherapy and rest was unsuccessful. A 
third MRI (Fig. 35.6.3) revealed the same pathology. 

The patient was sent for a second opinion. On ex- 
amination there was pain over the patellar tendon with 
its maximum point of tenderness located over the 
tuberosities. X-ray did not show abnormalities. A com- 
puted tomography (CT) scan was performed (Fig. 
35.6.4), which revealed a small bony fragment that cor- 
responded with the point of local tenderness. After re- 
moval, the patient was symptom free within a few weeks 
and returned to competitive play without any restriction 
and without recurrence of his symptoms. 




Figure 35.6.1. Axial MRI view of both knees at the level of the patellar ligament demonstrating a central segment in the patel- 
lar ligament containing more water than the surrounding normal patellar tissue. All axial sections of the whole length of the 
patellar ligament demonstrated this pathologic central section. 
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Figure 35.6.2. MRl in the transverse direction 4 months later, again demonstrating a longitudinal segment in the center of the 
patellar ligament containing more water. 





DISCUSSION 

MRI sometimes is believed to present a solution to all 
diagnostic problems. In this case of bony pathology, MRl 
gave information on secondary soft tissue involvement, 
thus contributing to the diagnosis and treatment. 




Figure 35.6.3. A new MRl 2 months later showing the same 
pathology. 



Figure 35.6.4. CT scan at the level of the tuberosities tibiae 
demonstrating a small bony fragment. 







Chapter 35. 7 



Nonunited Avulsion Fracture 
OF THE Tibiae Tubercle 

C.V. Van Dijk and R.K. Marti 



CASE REPORT 

A professional soccer player underwent arthroscopic re- 
moval of a torn medial meniscus by means of a central 
patellar approach. He developed pain at the side of the 
patellar portal at the apex of the patella. Two injections 
of corticosteroid were administered. Over a 3-year pe- 
riod the complaints increased, which finally prevented 
him from performing at the highest level. On investi- 
gation there was pain over the medial/midinsertion of 




Figure 35.7.1. MRI showing a large area of pathologic tissue 
located at the apex of the patella (midmedial segment). 



the patellar tendon to the patellar bone. Apart from 
some local swelling and localized pain on palpation, 
there were no other deformities. The x-ray did not 
reveal pathology. Magnetic resonance imaging (MRI) 
(Figs. 35.7.1 and 35.7.2) showed a large area of patho- 
logic patellar ligament tissue consisting of the complete 
midmedial insertion (some 40% of the circumference of 
the patellar ligament). The pathologic part of the patel- 
lar tendon was excised after 6 weeks of plaster immo- 
bilization and protected mobilization, and the patient re- 




Figure 35.7.2. Axial MRI view through the patellar ligament 
just distal to the level of the apex of the patella showing a 
large area of pathologic tissue. 
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turned to the field 4 months after operation. Six months 
after the operation he was performing at the highest 
level. 

DISCUSSION 

The central patellar arthroscopic approach to the knee 
has been advocated by some authors.^ Patellar tendini- 
tis after this approach has been associated with the use 
of Cydex as the sterilization fluid of the arthroscopic in- 



strument (Eriksson, personal communication). This pro- 
fessional soccer player, however, developed mechanical 
irritation and tendinitis, which did not resolve until ex- 
cision of the pathologic tissue was performed. 
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Chapter 35.8 



Knee Migration of Tibiae Ender Nails: 
The Arthroscopic Solution 



Ramon Cugat and Montserrat Garcia 



T he use of osteosynthesis instruments to fix frac- 
tures is common. However, in some cases a joint 
can be disturbed by one of these instruments,^"^ 
as is described in this case. Under these circumstances, 
arthroscopy is a useful technique,"^ as it is shown in the 
present case. 

CASE REPORT 

A 49-year-old man presented in June 1985 to the first 
author with a history of pain in the left knee that made 
him lame on that foot. He explained that in 1984 he 
had suffered from an open fracture in the medial 
third-distal third of the left tibia and fibula. He had been 
treated surgically with intramedullary Ender nails. The 
postoperative period was fine until he started walking 
with weight bearing. It was then that pain occurred in 
the left knee. 

The physical examination showed a correct axis of 
both lower limbs. The left patella shock test was posi- 
tive. The temperature of the left knee was slightly higher 
than that of the right knee. The decubitus supinus po- 
sition with full extension of the knee was uncomfortable 
for the patient. Discomfort disappeared with the knee 
flexed. The McMurray test was positive. 

The radiological examination of the left leg showed: 

perfect consolidation of the fracture, 

slight Siideck bone dystrophy of the left knee, 

both Ender nails’ heads seemed to be inside the left 
knee joint. 

Arthroscopy of the left knee was performed. Under 
epidural anesthesia the patient was placed in the decu- 
bitus supine position. Three portals were opened.^ an- 



terolateral (AL), anteromedial (AM), and superomedial 
(SM). All the intraarticular structures were correct. But 
in the anterior area of the knee two metallic foreign 
bodies were found (Fig. 35.8.1). These were the Ender 
nails’ heads and they were removed (Fig. 35.8.2). One 
of them was removed through the AM (Fig. 35.8.3) and 
the other through the AL portal. 

After the arthroscopic surgery, pain, knee flexion 
contracture and swelling disappeared. The patient at- 
tended rehabilitation for 2 months, and after this period 
he returned to his usual work completely recovered. 

DISCUSSION 

Intramedullary fixation is commonly used for the treat- 
ment of different types of femur and tibial fractures. 




Figure 35.8.1. Arthroscopic view of the Ender nail’s head in 
the anteromedial area of the left knee. 
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Figure 35.8.2. Arthroscopic view of the hook of the extrac- 
tor in the head hole. 

However, different authors have pointed out the possi- 
ble migration of the nails inside the joint adjacent to the 
bone metaphysis.^^“^^ The diagnosis and the removal 
of these foreign bodies can be performed with the ar- 
throscopy technique. Once the surgery is carried out, 
symptoms disappear, the postoperative period is com- 




Figure 35.8.3. Extraction of the Ender nail through the an- 
teromedial portal. 



fortable and short, and the patient can return to work 

completely recovered. 
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Chapter 35. 9 



Nonunion of a New High Tibiae Osteotomy 
WITH Screw and Wire Fixation 



Masaaki Ito and Hiroshi Narita 



H igh tibial osteotomy is a commonly performed 
procedure for osteoarthritis. The external fixa- 
tion is mainly used for this operation; however, 
it is impossible to avoid complications.^"^ Pin-tract in- 
fection is the most common. A new internal fixation for 
high tibial osteotomy is used to prevent complications. 

CASE REPORT 

A 58-year-old woman had bilateral gonalgia for about 
10 years, and could not walk more than 500 meters. 
Varus deformity was present. The right knee range of 
motion was 0 to 140 degrees, and the left knee was 
-10 to 110 degrees. The femoral tibial angle (FTA) in 
the supine position was 180 degrees on the right side 
and 186 degrees on the left side (Fig. 35.9.1). Medica- 
tion and injection of hyaluronic acid was not effective. 
Arthroscopy was first performed on the left side, which 
was worse. The arthroscopic findings showed eburna- 
tion of the femoral condyle and tibia plateau. The lat- 
eral femoral condyle, tibia plateau, and lateral meniscus 
were intact. 

We performed high tibial osteotomy using the Charn- 
ley transfixation-compression method. The FTA was im- 
proved from 186 to 167 degrees. The corrected valgus 
angle was 19 degrees (Fig. 35.9.2). Setting and straight 
leg raising (SLR) quadriceps examination was per- 
formed, and continuous passive motion was started on 
the day after the operation. One-fourth weight bearing 
was permitted at 2 weeks after the operation, and was 
increased by one-fourth every 2 weeks. At 5 weeks af- 
ter the operation, discharge was found around the pins 
area. This patient had no immunodeficiency, diabetes 
mellitus, or rheumatoid arthritis. Antibiotics were given 



for superficial infection, which was not suppressed. At 
6 weeks after the operation, the pins were removed and 
casting was performed. 

The discharge soon stopped and union was per- 
formed. The FTA remained at 167 degrees. The symp- 
toms on the left side improved, but the gonalgia on the 
right side became worse. At 4 months after the first op- 
eration on the left side, arthroscopy was performed, and 
we checked the lateral joint space. High tibial osteotomy 
was suitable. Reflecting on the superficial infection, we 
tried a new internal fixation, which was compressed with 
the screws and wire. The first dome osteotomy was 
performed, and two 3.2-mm Kirschner wires (K-wires) 
were placed through the proximal and distal fragments. 
The FTA was corrected by 11 degrees from 180 to 169 
degrees. 

Two 6.5-mm cannulated screws were inserted 
through the 3.2-mm K-wire, and fragments were fixed 
with a 2.0-mm cable passed through the cannulated 
screw (Fig. 35.9.3). Unfortunately, we made a crack at 
the lateral side of the proximal fragment. Casting was 
done for 4 weeks after the operation. Following the ra- 
diographic findings, another varus deformity, FTA of 
173 degrees, and pseudoarthritis-like signs appeared. 
To recorrect FTA, curettage, and bone graft, two sta- 
ple fixations were performed at 5 weeks after the first 
operation on the right side (Fig. 35.9.4). There was no 
infectious sign and the fragment was unstable and fixed 
firmly using screws and wire. 

A cylinder cast was set for 10 weeks after the revi- 
sion. At 3 months after the revision, varus and valgus 
instability persisted. A union was not achieved. Finally 
we performed total knee arthroplasty (TKA) with cement 
(Fig. 35.9.5). At 3 months after TKA, the patient had 
no severe pain and could walk. 
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Figure 35.9.1. Radiograph before 
operation. The femoral tibial angle 
(FTA) in the supine position was 
180 degrees on the right side and 
186 degrees on the left side. 



DISCUSSION 

The purpose of high tibial osteotomy is to avoid com- 
plications, to obtain a definite union, to correct the an- 
gle, and to achieve good results. In Japan, the medial 
side osteoarthritis of the knee is the main approach in 
patients who have varus deformity of the knee. High 
tibial osteotomy is a good method to correct varus de- 



formity and to reduce mechanical stress on the medial 
joint space. We have mainly performed high tibial os- 
teotomy using the Charnley transfixation-compression 
method in patients who had early-stage osteoarthritis of 
the knee. Complications of this operation are nonunion 
and infection. The rates of nonunion and infection are 
several percent. 

Rigid fixation of high tibial osteotomy is necessary to 




Figure 35.9.2. Radiograph after 
the first operation on the left side. 
Charnley transfixation-compression 
method was performed. The FTA 
was improved from 186. to 167 
degrees. 
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obtain a union. The rate of so-called pin-tract infection 
is higher with external fixation than with internal fixa- 
tion. In the present case, superficial infection occurred 
after the first high tibial osteotomy on the left side. We 
are concerned about infection. A new compression 
screw and wiring internal fixation method was used. This 
method, however, has a big disadvantage: we cannot 
measure the proper tension of the wire. It is not clear 



how many pounds the wire should be pulled to achieve 
union. High tension led to a crack in this case. The 
crack resulted in instability of the high tibial osteotomy. 
Our experience confirms that TKA after high tibial os- 
teotomy is not easy and bone defect cannot be avoided. 

The Charnley transfixation-compression method is 
satisfactory, but pin-tract infection may occur and pa- 
tients cannot take a bath for 2 or 3 months. This screw 
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Figure 35.9.5. It was impossible to 
achieve a union. Finally total knee 
arthroplasty was performed. 



and wire-type fixation is improved, and proper tension 
of the wire is determined with a tension meter. This 
method is well established and gives good results. 

CONCLUSION 

The osteoarthritis of the medial joint space was usually 
done in Japan as a high tibial osteotomy using the 
Charnley transfixation-compression method. A new 
high tibial osteotomy with screw and wire fixation was 
performed; however, the fragment made a crack in the 
lateral tibial side. This case became a nonunion and to- 
tal knee arthroplasty was performed. 
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Osteolysis Associated with Polyethylene 
AND Metallic Wear After Total Knee 
Arthroplasty 



O steolysis has been an unrecognized complica- 
tion after total knee replacement arthroplasty, 
despite the recognized problem of wear. The 
majority of patients did not undergo the revision proce- 
dure specifically to treat osteolysis. We report the case 
of a patient who was treated by the removal of the failed 
patellar component, an exchange of the worn tibial in- 
sert for thicker one, and cement filling for the defect area 
due to osteolysis on the margin of the tibial and femoral 
component after complete elimination of wear debris. 



CASE REPORT 

A 76-year-old woman had a primary right cemented to- 
tal knee arthroplasty (Miller-Galante, Zimmer, Warsaw, 
IN) in 1989 for osteoarthritis. She had no problems with 
the right total knee arthroplasty and no symptoms ap- 
peared. Eight years after the original total arthroplasty 
of the right knee, crepitus developed after minor trauma. 
The swelling, pain, and crepitus in the knee joint in- 
creased gradually. 

A preoperative physical examination revealed an ef- 
fusion that had not been noted before and a sensation 
of grating of metal on metal when the knee was moved. 
A range of motion from 0 to 120 degrees of flexion 
was associated with a moderate grating sensation. 

Radiographs of the knee were made shortly before 
the revision (Fig. 35.10.1). The oval-shaped soft tissue 
shadow due to metallosis is seen on the anterolateral 
part of the knee joint. 

The right knee was reexplored on December 1, 
1997. A dark serosanguineous fluid was evacuated from 
the joint and was sent for culture. An extensive reactive 
synovitis of gray-black hypertrophic and friable synovial 
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tissue encased the joint cavity. The polyethylene por- 
tion of metal-backed patellar component was worn and 
broken (Fig. 35.10.2A). The corresponding area on the 
femoral component was worn due to metal-on-metal 
friction, causing burnishing of the distal weight-bearing 
articulating surface of the femoral component medially 
and laterally (Fig. 35.10.2B,C). Extensive pitting, dis- 
coloration, and surface erosion were present in the re- 
trieved insert (Fig. 35.10.3). 

The failed patellar component and polyethylene insert 
of tibial component were removed, and a radical de- 
bridement was carried out. The synovial tissue that con- 
tained considerable metal or polyethylene wear debris was 
excised as much as possible. The osteolytic portion of 
cancellous bone on the margin of the tibial and femoral 
component was removed by rongeur forceps and a 
curette (Fig. 35.10.4). The femoral and tibial component 
appeared to be solidly fixed after debridement. The de- 
fective area in the margin of the tibial and femoral com- 
ponent due to osteolysis was filled with cement (Fig. 
35.10.5). An 11 -mm tibial insert was replaced by a 13.5- 
mm tibial insert because of some laxity. After removal of 
the base plate of the patellar component, the remaining 
irregular bony area was shaved smooth (Fig. 35.10.6). 

Bacteriologic cultures that were taken during the re- 
vision operation did not show any growth. At 3-month 
follow-up, the patient had a range of motion from 0 to 
110 degrees of flexion and no pain. 



DISCUSSION 

Complications of total knee arthroplasty include patel- 
lar instability, polyethylene wear, prosthetic breakage or 
dissociation from metal backing, loosening, and osteo- 
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Figure 35.10.1. Radiographs of the knee were made shortly before the revision. The soft tissue shadow due to metallosis (white 
and black arrows) can be seen in the anterolateral part of the knee joint on the anteroposterior (A) and lateral (B) radiograph. 



lysis due to metallosis and wear debris. With the grad- 
ual resolution of other problems of total knee arthro- 
plasty, osteolysis due to wear of polyethylene has be- 
come a major factor. 

There have been many recent reports of failure of 
the patellar component in patients who had a total knee 



arthroplasty.^’^ Berry and Rand^ reported significant 
complication (31.8%) after an isolated patellar compo- 
nent revision of total knee arthroplasty. Because of the 
risk of subsequent patellar instability or wear, scrupu- 
lous attention to optimize patellar tracking is also re- 
quired. 




Figure 35.10.2. Intraoperative photographs revealing the extensive reactive synovitis of gray-black hypertrophic and friable syn- 
ovial tissue, the patterns of a failure of polyethylene (A), and the abrasion of the surface of the femoral component secondary 
to articulation with the metallic portion of the patellar implant (B,C). 









Figure 35.10.3. The polyethylene insert that was retrieved Figure 35.10.5. Intraoperative photograph revealing the de- 

from the right knee, demonstrating extensive pitting, wear, fective area that was filled with cement in the margin of the 

and surface erosion of the polyethylene. tibial and femoral component. 



Because of the paucity of previous reports on oste- process, stimulated by the metallosis or polyethylene 

olysis associated with total knee arthroplasty, numerous wear debris, or both, produced the osteolytic area, 

studies have addressed these problems in an effort to Complications after revision knee arthroplasty, espe- 

identify contributing factors and to formulate guidelines cially extensor mechanism and deep infection, are sig- 

for treatment. Peters and Engh^ demonstrated a high nificantly more frequent than after primary total knee 

prevalence (16%) of osteolysis after total knee replace- arthroplasty.^ The clinical results of revision total knee 

ments with a modular polyethylene tibial insert. Ac- arthroplasty also are not as good as the results of pri- 

cording to Engh and Park,^ osteolysis was frequently mary arthroplasty.^ 

present on the tibial and femoral side of the total knee Generally, revision total knee arthroplasty includes 

implant as well as beneath the patellar component. They changing all three components: femoral, tibial, and 
emphasized the importance of revision that was based patellar. In revision surgery, the major problem has been 
on the state of the component. a large bone defect. There have been numerous sug- 

In our patient, a mechanical cause was also not likely, gestions for the treatment of bone defect: (1) filling the 

and we can only hypothesize that an inflammatory defect with acrylic cement, (2) using a long stem or aug- 




Figure 35.10.4. Intraoperative photograph revealing the os- 
teolytic area on the margin of the tibial and femoral compo- Figure 35.10.6. Intraoperative photograph revealing the 
nent that was removed by rongeur forceps and curette. smoothly shaved patellar area. 
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naentation device, and (3) using an allograft or custom 
prosthesis. Engh and Park^ reported a good out- 
come of different surgical options when confronted with 
osteolysis during a revision operation. 

The advantage of changing all three components was 
complete removal of metal particles and wear debris. 
But the disadvantages include the substantial expense of 
revision components, the increased operative time and 
surgical risk, and the uncertainty of the long-term sta- 
bility provided by bulk allografts. 

Accordingly, surgeons have eliminated all sources of 
potential excessive wear debris as much as possible, and 
retained a stable tibial and femoral component. To pre- 
vent further osteolysis and to enhance the component 
stability, we performed cement filling on the osteolytic 
portion of cancellous bone curetted on the margin of 
the tibial and femoral component. Because of the pos- 
sible complications, such as wear, that can occur be- 
tween the damaged femoral component and revised 
patellar component, the patellar bone was shaved 
smooth only after removal of the patellar component 
without resurfacing. 

Our methods of treatment have the advantages of 
minimal blood loss, lesser morbidity, and rapid recov- 
ery, especially in elderly patients. This is also a cost- 
effective approach that appeals to the patient because 
of its simplicity and short hospital stay. But the ultimate 
longevity of our method requires further follow-up. 

CONCLUSION 

A case was described of failure of a metal-backed patel- 
lar component and osteolysis associated with polyethyl- 



ene and metallic wear after total knee arthroplasty. It 
was treated with our special technique, as described. 
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fresh frozen, 61, 103 

fresh mensical allografts, 60 

gracilis (G) autografts, 102 

hamstring tendon autografts vs. patellar tendon grafts, 85-86 
harvesting, 92, 93 
HIV and, 60, 61 
incorporation of, 141-142 
and meniscal transplantation, 66 
patellar tendon, 101-102 
placement complications of, 80-81 
quadriceps tendon autografts, 102 
removal, 118 
ruptures of, 126 
selection of, 60, 118-119 
semitendinosus (ST) autografts, 102 
synthetic, 102 
trauma, 142 
Greenfield filter, 310 
Growth disturbance 

and distal femoral epiphysis fractures, 271-272 

and fracture separation of the proximal tibial epiphysis, 275-276 

Hamstring tendon autografts 
ACL reconstruction with, 77-88, 102 
vs. patellar tendon grafts, 85-86 
Hannington-Kiff protocol, 32 
Hardware. See also Fixation 
and ACL revision, 117, 148 
and extraarticular knee surgery, 131-132 
irritation, 247, 251, 257 
and PCL reconstruction, 126 
removal, 257 

and unicondylar arthroplasty, 374-375 
Healing. See Soft tissue complications 
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Hemarthrosis, 15-17, 18, 19 
after TKA, 361-363 
and lateral retinacular release, 162-163 
quadriceps ruptures and, 195 
and thromboembolic disease (TED) stocking, 16 
Hematomas, 15-17, 78, 136 
and lateral retinacular release, 162-163 
and proximal realignment procedures, 171 
tibial tubercle osteotomy and, 187 
and TKA, 162-163 
Hepatitis 

and allografts, 103, 147 
and meniscal transplantation, 60, 62 
HIV (human immunodeficiency virus) 
and allografts, 103, 104, 106, 107, 147 
and meniscal transplantation, 60, 62 
HO (heterotopic ossification), 316, 352-360 
Horn incorporation, and meniscal transplantation, 68-69 
HTO (high tibial osteotomy) 

conversion to total knee replacement, 298 
delayed union or nonunion, 295-296 
distal femoral osteotomy, 298-300 
fixation placement problems, 297-298 
history, 288 
ligament laxity, 298 
nerve or vascular injury, 296-297 
overcorrection, 294-295 
poor patient selection, 289 
protruding metal, 297 
undercorrection, 290-294 
Hyperbaric oxygen therapy (HBOT), 307 
Hyperpathia, 24 
Hypertrophic periosteum, 445 

Iatrogenic trauma, and proximal realignment procedures, 
171 

Immunogenicity, allografts and, 105 
Incisions, and ACL revision, 117, 148 
Infection. See also Septic arthritis 
allografts, 103, 107 
articular cartilage, 431 

distal third fractures of the femur, 212, 216, 227-228 

extraarticular knee surgery, 132 

high tibial osteotomy, 295-296 

lateral retinacular release, 167 

meniscal transplantation, 62, 71 

patella fractures, 247, 251-254, 257 

proximal realignment procedures, 172 

tibial tubercle osteotomy, 186-187 

TKA, 321-326 

Infrapatellar contracture syndrome (IPCS), 163-165 

Infusion pumps, 6 

Inside-out meniscus repair, 54, 55 

Instability 

anterior lateral instability (ALI), 133-134 
anteromedial rotatory instability (AMRI), 119 
patellofemoral, 326-328 
posterolateral rotary instability (PLRI), 119 
unicondylar, 366-368 
valgus, 7, 47, 154 
varus, 152, 154 
Instrumentation 
availability of, 3 
breakage, 47 
sterility of, 10, 17 



Intercondylar eminence of the tibia fractures, 278-281 
Interference fit screws, 83 
Interlocking antegrade nail, 210 
Internal fixation, and supracondylar fractures, 313-314 
International Knee Documentation Committee (IKDC) Activity 
Score, 63 

Intraarticular band formation, 331 
Intralesional osteophytes, 448 
Intramedullary (IM) fixation, 209, 410 

Intrapatellar bursa and retinaculum scarring, in tibial tubercle 
osteotomy, 184-185 
Intrasynovial therapy, 20-21 

Isolated cold stress testing with laser Doppler fluxmetry (ICSTA-DF), 
and CRPS, 28 

Isometer, and graft placement, 80-81 

JAS splints, 317 
Joint arthrocentesis, 20 

Kirschner wires (K-wires), 90 
Knee flexion strength 
and hamstring tendon autografts, 84-85 
and PCL reconstruction, 125 
Knot tying, 56 
Krakow stitch, 82 

Lateral retinacular release 
complications 

arthrofibrosis and joint stiffness, 168 

chronic synovial sinus and wound healing, 168 

fluid extravasation and compartment syndrome, 167-168 

hemarthrosis, 162-163 

infection, 167 

infrapatellar contracture syndrome (IPCS)/patella baja, 

163-165 

medial subluxation, 165-166 
pulmonary embolus/deep venous thrombosis, 167 
quadriceps tendon rupture, 165 
quadriceps weakness, 165 
reflex sympathetic dystrophy (RSD), 167 
thermal injury, 166-167 
and complications of TKA, 327, 384 
indications for, 161-162 
overview of, 161 

and proximal realignment procedures, 171-172 
Laxity 

ACL, 119, 298 
ACL revision, 138 

with distal femoral epiphysis fractures, 272 
and high tibial osteotomy, 298 
Leeds-Keio graft, 114-115 
Ligament augmentation device (LAD), 115 
Ligament (prosthetic) removal, 148, 149 
Ligament reconstruction 
and arthroscopic meniscus repair, 56-57 
medial, 132-133 
Ligamentum mucosum, 6-7 
Loss of reduction 

distal femoral epiphysis fractures and, 271 
and fracture separation of the proximal tibial epiphysis, 275 
Low molecular weight heparin (LMWH), 309 
Luvox, 31 
Luxation, 184 
Lymphadenopathy, 116 
Lyophilization. See Grafts, freeze drying 
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Malalignment 

and complications of TKA, 327 
and meniscal transplantation, 62-63, 71 
Malunion 

and complications of TKA, 327 

and distal third fractures of the femur, 212-214, 223-224, 
232-235 

Marcaine, 7, 16, 174 

Marshall/Macintosh ACL reconstruction, 91 
McGill Pain Questionnaire, and CRPS, 29 
Medial collateral ligament tear, and fracture separation of the 
proximal tibial epiphysis, 276 
Medial subluxation, weakness of, 165-166 
Medrol Dosepak, 19 
Meniscal transplantation 
arthrofibrosis, 66, 70 
bone plug fracture, 62, 67, 71 
complications, 61-62 
cryopreserved allografts, 60-61 
freeze dried allografts, 61 
fresh frozen allografts, 61 
fresh mensical allografts, 60 
graft selection, 66 
horn incorporation, 64, 68-69 
infection, 66 
malalignment, 71-72 
mensical body incorporation, 64 
pain, 66 

patient selection, 62-64, 67-68 
persistent pain, 70 
rejection, 66, 71 
shrinkage, 64-66, 69 
sizing, 62, 66 
synovitis, 66, 70 

Meniscectomy. See Arthroscopic meniscectomy 

Meniscus dart (Bionix), 54, 55 

Meniscus repair. See Arthroscopic meniscus repair 

Mersilene (Ethicon) strips, 202 

Metal wedges, 340 

Modular knee designs, 340 

Motion loss, and PCL reconstruction, 125-126 

MRI (magnetic resonance imaging) 

ACL revision, 117, 144 
articular cartilage, 431 
avulsion fracture of the tibial tubercle, 277 
dislocation of the patella and osteochondral fractures of the 
knee, 283-284 

distal femoral epiphysis fractures, 268, 272 
fracture separation of the proximal tibial epiphysis, 
272-276 

hamstring tendon autografts, 85 
intercondylar eminence of the tibia fractures, 279 
meniscal body incorporation, 64 
meniscal horn incorporation, 64 
meniscal tears, 43, 56 
meniscal transplantation, 62 
nonunion, 212 
patella fractures, 279 
PCL reconstruction, 121 
quadriceps ruptures, 195-196 
Multiapical, 214 

Myositis ossifications, and quadriceps rupture, 197 

Necrosis. See Soft tissue complications 

Neer classification, of supracondylar fractures, 312 



Nerve injuries 

and arthroscopic meniscectomy, 48-49 
and high tibial osteotomy, 296-297 
Neurologic complications, and TKA, 318-319 
Neuropraxia, and distal femoral epiphysis fractures, 270-272 
Neurovascular complications 
in PCL reconstruction, 122-124 
tibial tubercle osteotomy and, 192 
Nifedipine, 32 

Nonhemorrhagic chronic effusion. See' Chronic effusion 
Nonunion 

and high tibial osteotomy, 295-296 
and loss of fixation, 212, 216-223, 228-232 
patella fractures and, 247, 254, 257-260 
tibial tubercle osteotomy and, 188 
Nortriptyline (Pamelar), 31 
Norvasc, 32 

Notch impingement, and hamstring tendon autografts, 85 
Notchplasty, and ACL revision, 118, 150 

Obesity. See Patients, selection of 

Open reduction with internal fixation (ORIF), 209, 250 

Operating room, environmental factors and, 10 

Osteoarthritis 

and distal third fractures of the femur, 215, 226, 236 
patella fractures and, 246-247, 250-251, 256-257 
Osteochondral lesions. See Articular cartilage damage 
Osteolysis, 116 

Osteonecrosis, and PCL reconstruction, 125 

Osteopenia, 26, 314 

Osteotome, 89, 90 

Outerbridge Score, 63 

Outside-in meniscus repair, 54, 55 

Pain 

acute versus chronic, 26 
gate theory of, 25 

and hamstring tendon autografts, 85 
and mediators/receptor control, 25 
in meniscal transplantation, 66 
perception of, 24-25 
physiology of, 24 

and proximal realignment procedures, 174 
relief of, 7-8 

Pain dysfunction syndrome, 23 
Pain threshold evaluation, 27 
Pamelar, 31 

Paresis, and proximal realignment procedures, 175 
Paroxetene (Paxil), 31 
Pasteurella multocida, 12 
Patella 

component complications, 387-390, 388-399 
dislocation of the patella and osteochondral fractures of the knee, 
282-284 
fractures of 

anatomy and biomechanics, 244-245 
avascular necrosis, 247-248, 254, 260 
BPTB autograft, 89-91 
historical summary, 245 
infection, 247, 251-254, 257 
knee stiffness, 245-246, 248 

loss of reduction and fixation, 246, 249-250, 255-256 
nonunion, 247, 254, 257-260 
osteoarthritis, 246-247, 250-251, 256-257 
symptomatic hardware, 247, 251, 257 
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implant failure, 331-332 
metal-backed components, 399 
pouch repair, 399 

and TKA, 327, 330-331, 395-396, 399, 413-419 
Patella alta 

and patellar tendon rupture, 201, 246 
and patellofemoral instability, 326 
Patella baja, 163-165, 246-247 
and patellar tendon rupture, 201 
and quadriceps rupture, 197 
tibial tubercle osteotomy and, 185 
Patella positioning, 171-172, 174, 330 
Patellar clunk syndrome, 331, 385, 395 
Patellar resurfacing, 397-398 
Patellar subluxation, 161, 165-166, 384-385 
Patellar tendinitis, 94 
Patellar tendon rupture, 199-205 
with BPTB autograft, 91-92 
tibial tubercle osteotomy and, 188-189 
and TKA, 328, 329, 400-402 
Patellofemoral complications 
following TKA, 380-392 
instability, 326-328, 381-384, 396-397 
knee pain, 94 

malalignment, and quadriceps rupture, 197 
surgery 

injuries to the quadriceps and patellar tendon, 
195-205 

lateral retinacular release, 161-170 
proximal realignment procedures, 171-175 
tibial tubercle osteotomy, 176-194 
Patients 

education of, 45, 316 

and importance of patient history, 3, 45, 121, 421 
selection of (See also Age issues) 
cartilage cell transplantation, 447 
high tibial osteotomy, 289, 290 
lateral retinacular release, 165 
meniscal repair, 57 

meniscal transplantation, 61, 62-63, 67-68 
proximal realignment procedures, 175 
soft tissue complications after TKA, 421 
unicondylar arthroplasty, 369-370 
Paxil, 31 . 

PCL (posterior cruciate ligament) 
and Achilles allografts, 102 
and ACL reconstruction, 93 
damage during arthroscopic meniscectomy, 49 
PCL reconstruction 
anterior knee pain, 126 
and associated ligament injuries, 121-122 
Fanelli Sports Injury Clinic experience with, 126-128 
motion loss, 125-126 
neurovascular complications, 122-124 
osteonecrosis, 125 
persistent posterior sag, 124 
Penicillin, 216 

Periprosthetic fractures, and TKA, 310-315 
Peroneal nerve injury 
arthroscopic meniscus repair, 53 
distal femoral epiphysis fractures, 270-272 
TKA, 318-319 

Persistent posterior sag, and PCL reconstruction, 124 
Phenytoin (Dilantin), 31 
Physical exam, 3, 121 



Pneumatic compression, 309-310 
Polymethylmethacrylate (PMMA), 339-340 
Popliteal artery injury 
arthroscopic meniscectomy, 48 
arthroscopic meniscus repair, 53, 55 
PCL reconstruction, 122 
TKA, 319-320 
Portal placement, 5 

Postarthroscopy septic arthritis. See Septic arthritis 
Posterolateral complex repair and reconstruction, 134-136 
Posterolateral rotary instability (PLRI), 119 
Posteromedial safety incision, 122-123 
Postoperative dressing, hemarthrosis and, 16 
Postoperative instructions, 8 
Postphlebitic syndrome, 309 

Posttraumatic chondomalacia of the patella, and patellar tendon 
rupture, 201 

Preoperative plan, 3, 142-143, 372-374 
Procardia, 32 
Prostalac, 325 
Prostheses 

failure of, in TKA, 332-335 
fractures around, in TKA, 404-412 
prosthetic ligament removal, and ACL revision, 118 
Proximal realignment procedures 
arthrofibrosis, 175 
atrophy, 175 

bleeding/hematoma, 171, 172 
iatrogenic trauma, 171 
infection, 172, 174 
lateral retinacular release, 171-172 
paresis, 175 

patella malpositioning, 174 
patella positioning, 171-172 
patient selection, 175 
postoperative pain, 174 
quadriceps weakness, 175 
reflex sympathetic dystrophy, 175 
swelling and pain, 174 
TKA, 327 

vastus medialis obliquus advancement, 172 
Prozac, 31 

Pruritis, and cutaneous ecchymosis, 15 
Pseudoaneurisms, and arthroscopic meniscectomy, 48 
Pseudomonos, 12 

Pulmonary embolism, 167, 308, 310 
Pyarthrosis, 12 

Q angle, 161, 327 
Quadriceps tendon 
autografts, 102 
ruptures of, 165, 195-199 
and TKA, 328, 400 

Quadriceps weakness, 96-97, 165, 175, 196-197 

Radiography. See also CT (computed tomography); MRI (magnetic 
resonance imagery); X-rays 
arthrofibrosis, 453 
CRPS, 27 

early osteolysis, 324 

evaluation for ACL revision reconstruction, 143-144 
fractures around TKA prostheses, 404-406 
TKA, 317, 384 

unicondylar arthroplasty, 370-372 
Range of motion, 147-148, 289. See also Stiffness 
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Reflex sympathetic dystrophy (RSD). See Complex regional pain 
syndrome (CRPS) 

Rehabilitation 

ACL revision reconstruction, 155 
arthroscopic meniscus repair, 57 
articular cartilage damage, 438-439 
PCL reconstruction, 124 
quadriceps rupture, 199 
synthetic grafts, 119 
tibial tubercle osteotomy, 192 
Rejection, in meniscal transplantation, 66 
Retrograde nail, 210 
Ruptures 

extensor tendon, 328-329 
patellar tendon, 91-92, 328, 329 
and PCL reconstruction, 126 
quadriceps tendon, 328 
with synthetic grafts, 115-116 
Rush pin techniques, 209 

Salter-Harris classification, 264-265 
Saphenous nerve injury 
arthroscopic meniscectomy, 48-49 
arthroscopic meniscus repair, 53, 54 
hamstring tendon autografts, 78, 79, 84 
Scintigraphy 
CRPS, 28, 30 
early osteolysis, 324 
TKA, 317 

Screw divergence, 94 
Screws and washers, 82-83 
Semitendinosus (ST) autografts, 102 
Septic arthritis 
contributing factors, 10-11 
prevention, 11 

superficial portal infection, 12-13 
symptoms, 11 
synovial fistula, 12 
treatment, 11-12 
Sertraline (Zoloft), 31 

Shaving chondroplasty, articular cartilage damage repair and, 
433-434 

Shrinkage, in meniscal transplantation, 64-66, 69 
Silicone sheath interposition arthroplasty, 317 
Sinequan, 31 

Sizing, in meniscal transplantation, 62, 66-67 
Skin lesions, and septic arthritis, 10 
Skin slough, tibial tubercle osteotomy and, 190 
Sodium valproate, 31 

Soft tissue complications. See also Synovial fistula; Synovitis 
allografts and, 104-105, 106-107 
chronic effusion, 17, 18-21, 116 

and distal third fractures of the femur, 212, 216, 227-228 
and lateral retinacular release, 168 
and TKA, 303-308, 381-387 
intraarticular band formation, 331, 386 
patellar clunk syndrome, 331, 385, 395 
postoperative factors, 424-425 
prevention, 421-422 
surgical technique, 423 
technical factors, 423-424 
tissue expansion, 422-423 
treatment, 425-426 
vascular anatomy, 420-421 



Spade-tip guidewires, 122-123 
Spectrum Soft Tissue Repair (Linvatek), 54 
Staging, and ACL revision, 117 
Staphylococcus aureus, 12, 17, 62, 322 
Staphylococcus epidermis, 11, 12, 17, 322 
Staples, 83 
Static splints, 317 
Steinman pin, 202 
Sterilization, 4 
allografts and, 103-104 
Cidex, 17 

ethylene oxide (ETO), 17, 103-104, 106 
steam, 10 
Steri-Strip, 18 
Stiffness 

and distal femoral epiphysis fractures, 271 
and distal third fractures of the femur, 214-215, 224-226, 
235-236 

fracture healing and, 254-255 

and fracture separation of the proximal tibial epiphysis, 276 
stable fixation and, 248 
and TKA, 315-316 
Storage, of allografts, 104, 106 
Streptococcus, 12 
Stryker Dacron grafts, 114, 144 
Subluxation, 161, 165-166, 289-290, 326, 384-385 
Superficial portal infection, 12-13 

Supracondylar femur (SCF) fractures. See Distal third femur 
fractures 

Supracutaneous sutures, and septic arthritis, 10-11 
Sutures 

in ACL reconstruction, 82 
materials for, 56 
and septic arthritis, 10-11 
tying, 56 

Swelling, and proximal realignment procedures, 174 
Sympathetically independent pain (SIP), 23 
Sympathetically maintained pain (SMP), 23 
Sympathetic blockade, and CRPS, 28-29, 32 
Sympathetic reflex dystrophy, and articular cartilage, 431 
Synovial fistula, 12, 17-18 
Synovitis 

in meniscal transplantation, 66, 70 
with synthetic grafts, 116 
Synthetic grafts 
ACL reconstruction and, 102 
carbon fiber implants, 145 
classification, 113 
complications 

lymphadenopathy , 116-117 
osteolysis, 116 
rupture, 115-116 

synovitis and chronic effusions, 116 
Leeds-Keio, 114-115, 144-145 
ligament augmentation device (LAD), 115, 145-146 
permanent grafts 
Gore-Tex, 114, 144 
Stryker Dacron, 114, 144 
rehabilitation, 119 
technical considerations, 117-119 

Tapered reamers, 122-123 
T cells, 19, 106 
Tegretol, 31 
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Tendinitis, and quadriceps rupture, 197 
T-Fx (Acufex), 54, 56 
Therapeutic aspiration. See Aspiration 
Thermal injury, 166-167. 

Thigh stabilizers, 4, 6 

Thromboembolic disease (TED) stocking, 16 
Thromboembolism, 308-310 
Tibial bone deficiency, and TKA, 338-339 
Tibial component positioning, 383 
Tibial cysts, 105 
Tibial fractures, 126, 314-315 
Tibialis anterior, 102 
Tibial nerve, 122 
Tibial tubercle osteotomy 
after TKA, 314, 317 
complications and solutions, 183-184 
arthrosis, 190 

compartment syndrome, 191 
deep venous thrombosis, 191-192 
distal migration of the tubercle, 185 
donor site morbidity, 191 

failure of fixation or graft displacement, 187-188 

failure to correct luxation, 184 

failure to unload the patellofemoral articulation, 184 

fat pad fibrosis, 185-186 

fracture, 189-190 

genu ecurvatum, 185 

hematoma, 187 

infection, 186-187 

intrapatellar bursa and retinaculum scarring, 184-185 
neurovascular compromise, 192 
nonunion, 188 
patella baja, 185 

patellar tendon rupture, 188-189 
in the presence of total knee components, 191 
reflex sympathetic dystrophy, 191 
skin slough, 190 
current procedures, 181-183 
description of, 176 
history, 180 
rehabilitation, 192 
surgical anatomy, 176-179 
treatment goals, 179-180 
Tissue expansion, 307-308, 422 
TKA (total knee arthroplasty) 
arthrofibrosis, 315-318 
bone loss, 335-345 

conversion from high tibial osteotomy, 298 

extensor mechanism dysfunctions, 326-332, 392-403 

fractures around total knee prostheses, 404-412 

hemarthrosis, 361-363 

heterotopic ossification (HO), 352-360 

infection, 321-326 

neurologic complications, 318-319 

patellar fractures, 413-419 

patellofemoral complications, 380-392 

periprosthetic fractures, 310-315 

prosthetic failure, 332-335 

soft tissue complications, 303-308, 420-428 

thromboembolism, 308-310 

unicompartmental knee arthroplasty (UKA), 364-379 
vascular complications, 319-321 
Tomograms. See CT (computed tomography) 

Toradol, 8, 174, 175 



Tourniquets, 4, 6 
cutaneous ecchymosis, 14 
DVT, 308 

lateral retinacular release, 163 
vascular injury, 320 

Transplantation. See Meniscal transplantation 
Transtibial tunnel technique, 122 
Transverse patellar fractures, 89, 91 
Trazodone (Desyrel), 31 
Tunnel placement, 118, 150-152 
Tunnel widening 
allografts and, 105, 106 
expanders, 118 

UKA (unicompartmental knee arthroplasty), 364 
failures, 364-369 
prevention of failures, 369-375 
revision, 375-377 

Ultra-high molecular weight polyethylene (UHMWPE), 334-335 
Uniapical, 214 

Unicondylar arthroplasty, 369-370, 370-372, 374-375 
Unicondylar instability, 366-368 

Valgus instability, 7, 47, 154 
Valproic acid (Depekene), 31 
Vancomycin, 322 
Varus 

angulation, 63 
instability, 152, 154 
malalignment, 333 
stress, 7 

Vascular complications 
distal femoral epiphysis fractures, 268-269 
distal third fractures of the femur, 216, 236, 240 
fracture separation of the proximal tibial epiphysis, 275 
high tibial osteotomy, 297 
TKA, 319-321 

Vastus medialis obliquus (VMO) advancement, and proximal 
realignment procedures, 172 
Ventilation perfusion scintigraphy (V/Q scan), 310 
Virchow’s triad, 308 
Visual Analog Scale, and CRPS, 29-30 
Visualization, 5-6 

Warfarin (Coumadin), and hemarthrosis, 16 
Wound healing. See Soft tissue complications 

X-rays 

ACL revision, 117 

avulsion fracture of the tibial tubercle, 277 

dislocation of the patella and osteochondral fractures of the knee, 
282-284 

distal femoral epiphysis fractures, 268 
distal third femur fractures, 209 

fracture separation of the proximal tibial epiphysis, 272-276, 274 
heterotopic ossification, 353-355 
high tibial osteotomy, 289, 290-294, 296, 297, 298 
intercondylar eminence of the tibia fractures, 279 
meniscal transplantation, 62 
patella fractures, 279 
Xylocaine, 174, 422 

Zickel nail, 210, 410 
Zoloft, 31 
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p. 289: 

I have done valgus HTO on a few younger patients 
(35 to 50 years of age) whose deformity and/or de- 
generative joint disease was sufficiently severe that they 
were better candidates anatomically for 

Although some advise varus and valgus stress 
radiographs, I concur with most surgeons in my pref- 
erence for a single-leg, standing, anteroposterior, 
weight-bearing radiograph on 91- or 130-cm films (36- 
or 51-inch), which minimizes the effect of collateral lig- 
ament laxity. 

There is controversy over the correction of ligament in- 
stability.^® 

1 agree with Keene and Dyreby^^ and associates, and 
Cass^®, who did not find a correlation between the de- 
gree of tibial subluxation and the final clinical scores. 

p. 290: 

In summary, a young, active patient involved in strenu- 
ous activities but with relative contraindications of se- 
vere osteoarthritis and/or deformity, obesity, or tibial 
subluxation may still be considered for HT 0 ,^®T 6 where- 
as the same findings in a patient over 60 years of age 
would lead to a TKR. 

Additional x-ray views may be obtained if needed, but 
these four provide the essentials for accurate preoper- 
ative determination of the severity of the arthritis and 
the precise amount of varus or valgus, for preoperative 
planning, and for postoperative follow-up. 



p. 291: 

For the closing wedge HTO, the ruler technique is 
more accurate and easier than making tracings and 
cutouts. For the dome or wedge HTO, the divergence 
angle of proximal and distal pins can be calculated (see 
below. Figs. 22.3 and 22.4) from the long anteropos- 
terior single leg standing view. 

In summary, undercorrection is often a technical 
problem starting with the preoperative x-rays.^® 

p. 292: 

It should be obtained with the patient standing, ideally 
on one leg only, with no more than balance support from 
the opposite limb.^^ This describes a mechanical axis 
medial deviation of 50% of the medial hemitibia.^®’^^ 

p. 292: Art correction on next page. 

p: 293: 

Figure 22.3. Varus knee with preoperative x-ray measure- 
ments. A: Mechanical axis in varus. B: Delta angle or angle 
of change after osteotomy. This is the corrected mechanical 
axis angle (CMA), and the divergence angle of two pins or 
screws in the tibia, which, when brought parallel, provide the 
desired valgus. C: The two intersection lines that made the 
delta angle (corrected mechanical axis angle). They are drawn 
from the center of the femoral head and the center of the an- 
kle, intersecting in the lateral compartment at 30-50% lat- 
eral deviation to produce the desired postoperative mechan- 
ical axis. D: New leg position after valgus high tibial osteotomy 
correction. 

p. 296-297: Under “Nerve or Vascular Injury” 

Safer still is a proximal tibiofibular joint capsulotomy 



1 





Figure 22.2. Severe varus deformity. The mechanical axis an- 
gle is made by crossing the femoral and tibial mechanical axes. 
A: Mechanical axis angle. B: Femoral-tibial angle (anatomic 
axis angle). C: Mechanical axis of limb in varus. D: Femoral 
anatomic axis. E: Femoral mechanical axis. F: Tibial mechan- 
ical (and anatomic) axis. G: Mechanical axis (medial) deviation. 

with a medial fibular head minimal ostectomy^^ and 
“springing” the fibular head away from the tibia (with a 
^ 4 -inch curved osteotome) to ensure adequate fibular 
mobility when valgus tibial correction is achieved. Su- 
perficial peroneal nerve neurolysis also helps avoid per- 
oneal nerve compromise. This technique using a sep- 
arate lateral incision and involving the peroneal nerve 
and fibular head is fully described and illustrated in the 
description of the HTO technique I have used in 116 
HTO’S since February 1987.^^’^^ There have been no 
nerve injuries using this technique. However, in the prior 
four years (1983 to 1986) I had three peroneal nerve 
palsies in 45 HTO’s. All three were associated with fibu- 
lar osteotomy 10 to 15 cm below the fibular head, which 



is a common location for fibular osteotomy. Two were 
initially a drop-foot and the third a great toe weakness 
and numbness. They have all resolved to the point that 
only a small amount of residual great toe weakness re- 
mains. The best prevention of peroneal nerve injury (of- 
ten just some weakness of the extensor hallucis longus) 
is to avoid any surgery on the fibular shaft. The supra- 
condylar location of the osteotomy rules out current 
techniques of intra medullarly fixation.^ 

p: 298: Under **Distal Femoral Osteotomy” 

Correction should be between 0° and 4° of varus^® (in 
contrast to the varus knee, which is beneficially slightly 
overcorrected into valgus). 

p: 299-300: 

NEW INSTRUMENTATION SYSTEM 
FOR DOME HTO INTERNAL FIXATION 

I believe that some of the previously discussed po- 
tential complications of HTO can be prevented by us- 
ing a dome (vault) osteotomy, which preserves meta- 
physeal bone, and permits one to “dial in” the desired 
valgus correction. I have developed a special blade plate 
and instrumentation for internal fixation of my dome 
HTO technique (Figs. 22.6, 22.7), that is not commer- 
cially available at present. This blade and its instrumen- 
tation help resolve many of the internal fixation prob- 
lems encountered with a valgus HTO. 

The advantages of the new blade plate and its in- 
strumentation are: 

• Unique shape of the blade plate which keeps all dis- 
section and retraction anterior on the tibia and 
therefore away from the anterior tibial artery and its 
branches. The blade is directed from anterolateral to 
posteromedial, and the plate is applied far anterior 
on the lateral tibial shaft and aligned with the tibial 
crest. 

• Instrumentation that has the same unique shape as 
the final implant (blade to plate angle, rotation, 
slope), and incorporates a new approach to the use 
of a blade plate. 

• Instrumentation that simplifies the procedure, im- 
proves the accuracy; of angular correction, and is a 
template should it be necessary to change the pre- 
formed blade to plate angle of the final implant. 

• Good stabilify due to use of a bone compressing rigid 
blade plate technique, compared to staples or a plate 
and screws. 

• Three intraoperative checks to facilitate intraopera- 
tive confirmation of the desired angular correction. 




• The instrumentation consists of a dome guide 13, 
16, pin guide, chisel guide, angle guide, and a tem- 
porary intraoperative fixator (Figs. 22.6 and 22.7). 
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